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HANDBOOK FOR FIELD GEOLOGISTS iSIHE 
UNITED STATES GEOLOGICAL SURV-EY\ 



By C. W. Hateb, Chief Geologut. 



INTRODUCTION. 



In |;eolagic field work, aa iu moet other tbinge, there are certain 
methoda of procedure which have been found by experience better 
than others. In governmental wort certain methods, particularly 
in connection with expenditure of public money, employment, etc., 
are prescribed by law and must be strictly adhered to. Inatruo . 
tions relating to these mattera have been issued from time to time, 
but diculais are easily mislaid and many points have never been 
covered by them. More than one hundred men connected w^ 
the Survey and having very diverse experience are doing geologic 
field work. The methods which have been proved good in prac- 
tice by the more experienced should be made available tor the leas 
experienced, for poor or wrong methods result in loss of efficiency. 
It seems deeiiable, therefore, to bring together in convenient com- 
pass instructions, suj^stions, and data which will be helpEul in the 
field. 

Many of the suffieations and directions here given may appear 
to some membere of the Survey to be entirely too rudimentary 
and to cover pointe on which instructions are unnecessary. Thoee 
who need no instruction are to he congratulated on their knowl- 
edge and experience, but are also to be reminded that mistakea 
in these simple matters are by no means confined to beginneta, and 
that the test applied to all is the quality of results obtained. 

All geologists using this book are cautioned against its abuse. 
Directions for making observations and taking notes and particu- 
larly for the use of the schedules are intended to insure thoiough- 
neee and system, not to relieve the observer of the necessity (or 
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tliought. 'lb' would be a miBfortune if they should hamper origi- 
nality oi^reduce the work to a merely mechanical procesa. 

The;*^i1c of the field geologist preeentB great diversity, and* 
vhil6>}li« more common types are provided for in the following 
inBtfiistiona, all conditions can not be foreseen and the geologist 
iBJist use intelligence as well as this book in adapting his methods 
■ to the particular needs of his work. It is not expected that it 
■ '.•I'^i '" every case tell him "what it is customary to do under the 
'"•■drcumstanceB." This is notably true in regions difficult of acceea, 
■. 'or where unusual obstaclea to travel and observations must be over- 
come, as in parts of Alaska and meet tropical r^ona. Special 
methods must be devised to meet such special conditions, and the 
geologist's success will be proportionate to his adaptability. 

In the preparation of this handbook suggestions r^iardii^ the 
matter to be included and the method of treatment have been 
invited from all members of the Survey concerned and these sug- 
gestions have been freely uaed. In the preparation of the sched- 
ules in particular has valuable aBBistance been given by those 
especially familiar with the subjects treated. 

While in many cases several alternative methods are suggested 
and there may be others equally good, a few directions are made 
mandatory and not left to the discretion of the individual. All 
field geologists will be expected to make themselves familiar with 
the contents of this book— at least the mandatory portions. 
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PART I.— GENERAL INSTRUCTIONS. 
OrganisatioiL 

1. The geologic branch conaiBts of the following divisionH: 

Geology uid paleontology. 

Klneral rasources. 

Chemical and physical letearch. 

Field work ot the kind treated in this handbook is coniined chiefly 
to the first two divisions named above. Geologic work is also done 
by the water-reeourceB branch in connection with the study of 
underground waters. The administrative unit is the party, in 
charge of a chief of party, and these units are variously grouped for 
adminiatrative purposes. 

2. The geologic work of the Survey is organized for scientific 
supervision under the following sections: 

1. Areal and struotuial geology. 

2. Petrology. 

3. Paleontology, 

4. Economic geology of metalllferoiisotea. 

5. Economic geology ol noDinetaUlferoui mlnerola. 
a. Economic geology of fuels, 

7. Physiograpblo and glacial geology. 

S. Pre-Cambriau and metamcrpbic geology. 

Aa fully explained in the Twenty-second and subsequent Annual 
Reports, the purpose of this fonu of organization is to secure eco- 
nomical and efficient administratioD and thorough scientific super- 
vision and coordination, both of field work and published results. 

3. In order that the supervision of a section chief may be efficient 
and his advice helpful, conference between geologists and section 
chiefs is desirable at various stages ot a given piece of work. Free 
consultation is particularly needed (a) when preparing for field 
work, (t>) during field work, and (c) when preparing a report. 

(a) Each chief of party when assigned to a new piece of work 
should review available information and make a forecast of the 
problems likely to arise in the projected investigation. The prob- 

11 
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lems of each special class should he presented to the section chief 
concerned, with a etatement of the proposed plan of work. If the 
subject For conference is extensive or of special importance the 
statement made concerning it should be in writing. 

(b) While it is phyeically impossible for a section chief to visit 
many parties in one season, the field geolc^iat who encounteiB unex- 
pected problems, requiring the work of a specialist or demanding 
great refinement in observation and consequent delay in complet* 
ing the work, should not fail to communicate promptly with the 
appropriate section chief, who may in many cases be able to give 
assistance. 

(c) A most important stage for conference with section chiefs is 
after the completion of field work, when the report is to be planned. 
Before actually beginning work on the report the geolc^t should 
carefully consider his material and plan in detail the publication 
which appears to be warranted or demanded under the circum- 
stances. At this point the section chiefs should be made acquainted 
with the results of field work and asked to consider the plan of 
office work and final report. Criticisms and suggestions at this 
time will frequently obviate the necessity of extensive revision of 
manuscript and tend to secure well-balanced treatment of the 
subject. 

If an investigation is not completed during the field season the 
counsel of section chiefs should still be sought in working up the 
results obtained and planning the final field work. 

4. In some cases administrative control as well as scientific etipw- 
vision is vested in chiefs of sections, and it is also sometimes deeir' 
able to place a number of field parties under the immediate super- 
vision, both administrative and scientific, of a geolc^ist other than 
a chief of section. The organization is intended to be sufficiently 
elastic to meet the great variety of conditions under which geologic 
work is carried on. 

Belationa to the OoTemment, 

1. To iJte Surcey. — ^Loyalty on the part of every member to the 

Survey as an oi^nization is essential to its conrinued prosperity and 

high standing. The enviable position which the oiganization now 

holds in the esteem and confidence of the public is a most valuable 
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asset, and each member should feel that he is personally Tesponsible 
for maintaining and increasing its reputation. The peraonnel or 
work of other membora of the geologic branch or of other branches ot 
the Survey should never be publicly criticised. If there seems to be 
ground for criticisma they should be communicated through the 
proper official channels t« the responsible officer, who will give them 
full conmderatioQ. 

The geologic branch cooperates with other branches of the Survey, 
and to render such cooperation eSective the interest of the Survey as 
a whole must be kept in mind rather than the special interest of any 
particular branch or division. In such cooperation the specific 
objects for which the appropriation was made must be considered 
and the work directed to these objects only. 

2. To oifter bvreaiu. — Public criticism of other bureaus should also 
be carefully avoided and when deemed necessary should be made 
through the proper official channels. 

In connection with the work of the geologic branch, the Survey 
cooperateswiththeGeneral Land Office, the Mint, the Forest Service, 
the Office of Public Roads, and occasionally with other bureaus. 
Geologists assigned to such work should familiarize themselves with 
the r^ulations and methods of procedure of the cooperating bureau 
and conform to them. 

Belationa to Other Surveys. 

It is essential to efficiency and economy that cordial relations be 
maintained between the United States Geolc^cal Survey and State 
surveys. A chief of party assigned to work in a St^te in which 
there is a geological survey should ascertain whether or not the State 
geologist has been fully informed of the plans for the proposed work, 
and if not should prepare for the s^nature of the chief geologist 
a letter giving the information and inviting suggestions. Before 
taking the field the chief of party should himself write to the State 
geolc^ist and during the prc^ess of the work he should keep in 
touch with that official, either by letter or by personal conference. 
Such informal cooperation will always prove mutually advanta- 
geous. Wherever formal cooperation with a State survey is in force, 
the public should be fully informed of the relation which the State 
survey bears to the work. In all proper ways the public should 
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be impresBed with the value of the local survey and the impor- 
tance of giving it liberal Hupport. It should be clearly understood 
that the Federal and State surveys are not corapetitors occupying 
the same field, but that each organization has a field of hs own and 
that each should supplement the work of tbe other. 

It is especially important that the chief of party should confer with 
the State geologist in regard to questions of correlation and nomen- 
clature. He should himself be thoroughly familiar with Survey rules 
and practice in such matters and sbould endeavor to make hia 
nomenclature conform to that used by the Slate survey. If this is 
not possible he should explain fully the reasons for the differences. 

BelatioBB to the Fablio. 

1. Courtesy to the public is enjoined on every member and 
employee of the geologic branch while engaged in official duties. 
When persons make serious inquiry concerning the work the Survey 
is doing, time should be taken to give them the information. Dis- 
courtosy to the people of the country will not be tolerated, and 
chiefsof parties will beexpectedtodiscipline or discharge employees 
for flagrant neglect to conduct themselves with politeness and 
propriety. Where cooperation between the Federal and State gov- 
ernments is in force, officers and employees will be expected on all 
proper occasions to make known to citizens the relations of the State 
to the work which is being done. 

2. It sometimes happens that objection is made to entry on private 
property by members of the Survey engaged -in official work, but it la 
believed that generally this objection may be overcome by an 
explanation of the puhlie character of the work. The governors of 
the different States and Territories have recently recommended to 
their respective legislatures the enactment of laws grantii^ this 
authority to officials of the United States Geological Survey, and 
such laws have been enacted in Arizona, California, Illinois, Maine, 
Montana, New York, Ohio, Pennsylvania, and Washington. 

Information. 

1. Members of the geologic branch are instructed to exercise great 
caution in making public any information which they may obtain 
in the course of their work. In general, all matter for the daily 
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ptMB sliould pass through the hands of the DiiecUit and be iiaued 
in the regular preee bulletins. Only in exceptional casea should 
interviews be given to reportera. 

2, Geologiata are eicpresely forbidden to giveout to individuals or 
corporations, in advance of actual publication, the results arrived 
at in the course of their geologic examination of a district or area. 
They are at liberty, however, to coonmunicate orally to the owner 
or manner oi « mineral property during the progrees of ite investi- 
gation such information with regard to the geolt^y of that property 
as may be of value to him in its development; but written state- 
ments must be avoided, lest they be used for promoting or unduly 
enhancing values. This regulation, it will be understood, is de- 
Bigned to assure a fair and equal participation, by al! who are inter- 
ested , in the advantages that may result from the woric of the Survey, 
and to avoid any appearance or suspicion of favoritism, 

3. Information of a confidential character, such as mine m^pe, 
drill records, statistics of production, etc., supplied by private paj- 
ties or corporations, must be carefully guarded and be used in the 
preparation of reports for publication strictly in accordance with 
the conditions stipulated by the persons furnishing it. Confidential 
maps will be returned promptly to owners when desired. 

Monthly Baports. 
1. A report in card form must be made out and transmitted 
promptly at the end of each month by each member of the scientific 
force in the geologic branoh who holds an appointment from the 
Secretary of the Interior and has been eng^ed for any part of the 
month on Survey work; also by each geologist, paleontologist, and 
assistant who has an allotment from Survey funds, whether em- 
ployed during the month or not. On these card reports is based 
the monthly report to the Director and for this purpose they must 
be in hand before the end of the first week in the month. Vouchers 
tor services and expenses are liable to be held up until the report 
tor the period covered by them, is received. The date of receipt is 
stamped on the cards and a record is kept of those persons to whom 
a special request for report is sent. It is a fair inference that one 
who neglects bo simple' a matter as a monthly report will nfglect 
other more important duties and his efficiency receives a low rati) 
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2. The work ot Held aadstaiitfi should be included in'the report of 
the cMef of party. ABsistant geologiate working under the imme- 
diate Bupervision of a chief of party should make dupticate'reporte— 
one to the geoli^iat from whom iiutructionfi are received^and the 
other to the chief geologist. 

3, These reports must show (a) kind of work done; (6) region, 
district, or quadrangle to which it pertained; (f) where the work 
was done; (d) division of time among various claasee of work or areas, 
by percentages or days and parts of days. They should be suffi- 
ciently complete and explicit to form the basis for determining the 
cost of any piece of work. They should contain a concise account 
of the manner in which the person making the report was occupied, 
and will constitute his peiBonal record. They are constantly re- 
fened to and it is to his interest that tbey should adequately show 
the character and amount of work accomplished. 

i. When areal work is done on or adjacent to mapped quadrangles, 
a convenient portion of the ruled face of the card should be included 
within neat lines and marked with the quadrangle name. The 
portion of the area covered by work of each class should be indicated 
by shading, and the class of work by the appropriate number, 
placed either on the quadrangle area or on a block of the same shad- 
ing outside. When the unit area is the township, suitable squares 
ehould be ruled oS, numbered, and treated as above specified. 

5. When work on areal geology for folio publication is confined to 
Quaternary deposits, that fact should be indicated. 

6. When work is done which falls under the head of "General 
teconnsuBsance," the routes followed and areas covered should be 
indicated by a sketch on the face of the card, with latitude and 
longitude or other means of identifying the location. 

7. When severe classee of work are done on the same days, an 
estimate of the time devoted to each should be made and expressed 
in percentages of the whole time covered by the inclusive dates. 

8. The face of the card will ordinarily be sufficient for areal dia- 
gram and the abstract of occupation, but if not the abstract may be 
continued on the back. 

9. Any exceptional conditions which influence the character or 
amount of work accomplished ehould be briefly noted on the back 
of the card. 
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10. In case it appears desirable for any person to make a more 
ample report than the card form permits, a supplementary report 
may be made by letter, but the fact that such report is made should 
be stated on the card, ti^ther with a brief abstract of its contents. 
This provides for the preliminary statement of economic and sden' 
tific results, which is frequently desirable. 

11. Where field work is of such a character that results can be 
measured in definite units of area, the niunhor of units covered 
during the month and the unit cost should be given. This is gen- 
erally possible in areal surveys for folio or land-classification pur- 
poses. Suitable blanks for giving this information are printed on 
the backs of monthly report cards. 

Asaigament and Allotment, 

1. Since Che party is the administrative unit, an allotment of 
funds is made to each chief of pajty to carry out the work to which 
he is assigned. This allotment is based on estimates furnished in 
most cases by the chief of party himself. It is intended to cover 
annual salaries of the chief and such assistants holding appointments 
with annual salaries as may be assigned to the party, per diem sal- 
aries and salaries of temporary field and ofiice assistants, pay of field 
laborers, traveling expenses, freight and express, field subsistence 
or per diem in lieu of subsistence, field outfit and instruments, office 
instruments and furniture, photographic work, and rock sections. 
This allotment inust Tiot be exceeded under any ctrcaTnttancei without 
prior authorization in writing from the proper administrative officer. 
The chief of party should keep account of his expenditures, and a 
statement of charges made against his allotment will be furnished 
liim monthly. 

2. In some cases an allotment is made to a chief of party from 
more than one appropriation, and in the preparation of vouchers care 
should be exercised that the charge is made t^ainst the proper appro- 
priation and only for work tpemfimUy authoHied by law undei- that 
appropriation. 

3. The instructions contained in the letter of assignment will gen- 
erally be very brief, and whenever necessary will be supplemented 
by fuller instructions from the proper officer. Any question as to 

44014—98 2 -- I 
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the exact meaning of the instnictions or the object and scope of the 
work should Iw setrled by ponferenie and iiiuiip a matter of record 
before goii^ into the held. After receiving hia instructions a chief 
of party ahouid adhere lo them until they are replaced or modified 
by other written instructions, and in no case should he make any 
material change on oral inslnictiotiB from any source. 

Preparation for the Field. 

1. Conference v:ifh chiefs of sectioni. — On his assignment to any 
field the chief of party should confer with the chiefs of sectione 
imder whose supervision the work falls. He should discuss with 
them fully the n^iect of the work, the special problems involved, 
its bearing on other work in prcigress, and the character and form of 
report to be prepared, and, whenever doBirahlo, he should obtain 
full instructions to supplement those contained in his assignment 
and to cover special problems. This is particularly desirable when 
a new region Is entered or new problems are taken up. 

2. Previoui -work. — Before taking the field the chief of party (and 
his assistants also, if possible) should familiarize himself with pre- 
vious geologic work, published and unpublished, relating to the 
region. He should endeavor to find out the amount of ascertained 
fact, as distinguished from inference, represented on each map. 
Such previous work should be utilized to the utmost, but the geolo- 
gist should guard, on the one hand, a^inet following former con- 
clusions slavishly and, on the other, against going out ti! his way to 
prove his predecessor in the wrong. 

If geolc^ic maps of the region have been published, an extra copy 
of each should be obtained, if possible, and so mounted as lo be con- 
venient for use in the field. It is not generally desirable to carry a 
large amount of literature into the field, but exception ahouid be 
made in favor of reports to which fret|uent reference will be made 
during the progress of the work. 

3. Topographic data. — If no topographic map is available, or if the 
map is known to be inadequate or inaccurate, special e^orts should 
be made lo procure all available topographic data, such as railroad 
locations and profiles, ditch surveys, private mining-district maps, 
{.and Oflice township plats, etc. Many of these data must be ob- 
tained by correspondence, which requires time and should not be 
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postponed until the eve of takiog the field. Special inBtructions 
relating to thie matter are given on a Bubeequent page under " Land- 
claasification Burveya." 

4. Mitcellaneous information. — It the field to which a chief of party 
IB assigned is a new one he ahonld before leaving the office gain all 
information possible concerning climate, vegetation, roads and trails, 
inhabitants, supply points, railroad, stage, mail, ezpresa and tele- 
graph facilities, and all other matters which will have a bearing on 
the method of carrying on the work and affect its economy and effi- 
ciency. Much of this information can usually be obtained by cod- ' 
terence in the office with topographers and othere famUiar-with the 
region, but some muBt generally be secured through correspondence. 

5. InttruTiunla. — The chief of party should attend promptly on 
receiving his assignment to securing a complete supply of necessary 
instruments for himself and assistants. Instruments will be issued 
from stock so f ar aa possible and will be charged to the chief of party, 
who will be held strictly responsible tor their return. He should 
see that the instruments supplied are in good order and are suited to 
the needs of his work. If new instruments must be purchased, delay 
may occur and ample time should be allowed. At least one extra 
instrument of those which are essential should generally be pro- 
vided, especially for a large party working in a region remote from 
the office, so that no delay may be caused by loss or breakage. This 
suggeetion applies to compasses, aneroids, and hammers, but not to 
field glasses, hand levels, cameras, etc. Compaflses and aneroids 
should not be carried loose in the pocket, but in a case securely 
fostened to the person on a belt or otherwise, and a tightly fitting 
case should be used tor carrying pen and pencils. 

The following instruments are used by the field geolc^sts and will 
be supplied so f m' as the actual needs of the work demand: 



AneroidB, 3.000, $.000. tO.OOD, or 12,000 leat. 

Flelil gULBBBH, monocular or blnoculsr. 

Tapes. 50 or 100 leet. ateel at linen. 

Cameras. 4i b; (J to «i bj- S. 

Hanuneia. In vailet; of welj:litB and pattoniB. 

Plane fables, lE-lncb traverse with open-sight alidade. 

Sketchlnt cases. Smith. 
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In exceptional caaee other iDetrunieiite,'8« Johnflon plane table, 
teleecopic alidftdea, Btadia transita, wye levels, etc. , may be required . 
Where inatmments can not be supplied from stock tbey will be pur- 
chased and charged to the allotment of the chief of puty to whom 
they are issued. Their cost should therefore be included in estinuktei 
for field work. All instrumenta should be turned over to the custo- 
dian when no longer needed . At the end of the held eeBBon those 
still in hand should be reported to the custodian, who will imme- 
diately reissue them to the same person if desired or will hold them 
For him until the beginning of the next field season. 

6. Statwntry. — An adequate supply of necessary stationery and 
blank forms should be obtained before leaving the office, but the 
supply should be strictly limited to the iilimediate and probable 
needs of the party. It is not desirable to carry through a long field 
season blanks that will be needed only at its conclusion, nor to pro- 
vide for remote contii^ndee. Requisitions for supplies for field 
use will be given prompt attention, and it will rarely require more 
than ten days to get suppUee to any part oi the country except 

The following list includes all blank forme and stationery ordinarily 
required by a geolc^c field party: 

Printed forms needed throughout field season: Fonn No. 
Account book, «0-page »-eiS 



Bill of lading, original and duplicate 9-060 

Contiact form for furnishing supplies. 
Contract form lor employroent. 

Freight or eipress shipment, label for 9-060 

Geologic monthly report, with or without abstract of sipenditures on 

Mg.I1. forwarding card. 

Mail. second-cUBs, label for 9-lBO 

Photographlo-eipoaura loeord book. 

Requisition, petrographic work 9-131 

Requisition, photography V-I36 

RequlalUon, stationery 9-126 

Shipment from field 9-OSa 

Specimen, geologic, labrtlor 9-lBl 

Telegram book, carbon dapllca ting- 
Voucher, pay 9-010 



-C:oo;,lc 
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Fiinted focms needed tliroughout field aeaBaa—ContinuAd. Form No. 

VoiKlwr. pay roll, abort 9-Oia 

Voucher, purcbaae, loiv ....... —--.-... ft-OOfl 

Voucher, purchaBe, abort »-O0a 

Vooelier, aubvoucher book 9-019 

Voucher, traveUngeipense 9-018 

Voucher, traveling cipenae, Bitra leaves 9-On 

Printed forma needed at close ol Qeld aeaaon: 

Agreement, cart of public animsls 9-OST 

Agreement. atorageofpubUc property 9-066 

Auction sale, advertiaement 9-OBl 

Auction aale, report ol 9-O40 

Leave of absence 9-151 

Property affldflTlt 9^MS 

Property, inspection report of 9-047 

Townahlp Plata 9-807 

SUtlonery needed In the field: 
Copying book, penrarbon. 
Eraaer, pencil. Eagle clip. 



Envelopes, printed address. 

Ink, Indelible drawing (specify colors) . 

Ink, with lUler for fountain pen. vood case. 

Paper, pad, headed, field uee. 

Paper, pad. ruled, 8 by lOJ Inches. 

Paste, in tubes. 

Pencil-point protectors, metal and rubber. 

Pencil pointer (sandpaper block). 

Pencils, Faber, Nos. 1 to 5, 

Pencils. Kohlnoor, N'os. B to B-H. 

Pencils, red, blue, and green. 

Penholder, drawing. 

Pena. drawing. 



Hubber t 






Tag, shipping, plain. 

Tag. ahlpplQg, to the Director. 

Thumb tacks. 

7. Notebooks.—X variety at notebooks are supplied for field tiae, 
and the kind to be used will depend on the character of the work, 
as indicated in the following paragraphs: 

When observations are to be made on a number of different subjects, 
as is generally the case in areal work, a loose-leaf notebook is recom- 
mended. This permits the assembling and classification of notes 
relating to a single subject or a sii^le area, whether made by one oi 
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several persons. It is also rerommended for the geniogist who visits 
3. number of widely separated localities in the ixiurse of a single 
season. The outfit consists of (a) fiUers with detachable leaves and 
(b) holders for aesembling the leaves. The leaves are 5 by 7 inches 
and quadrille ruled to sixths of an inch. Leaves from the regular 
traverse book (Form 9-904) may be punched and inserted in the 
holders. 

A\'hen observations are made on phenomena of a single class in a. 
restricted area, as in detailed work on a mine or mining district, a 
bound notebook may be preferred. Four kinds are available, viz: 

(D) Traverse book {Form 9-9M), 5 by TJ, plain quadriUe mUng to sixths. 
(6) Travprse book (Form 9-889), 71 by 9], plain quadrille ruling to sixths, 
(r) Mine notebook (Form 9-flll). Ti by fi). lusdrllle ruling to inches and tenths. 
W Mine notebook (Form 9-SZT], 7J by 9}, quadrille ruUng to Inchea «nd tenths. 

Xos. a and b are especially adapted to note taking by the profile 
method described on page 53. 

.4. convenient hook for keepii^ accounts, addresses, and miscel- 
laneous memo'Q.nda ia Form 9-918, which is suitably ruled and 
indexed. 

8. Maps. — All available maps relating to the region to be studied 
should be procured. Atlas sheets for field (ise should be sectioned 
and mounted on cloth for folding or on leaves for insertion in the 
notebook. If notes ate placed directly on the map the latter method 
is preferable, as there is less liability of loss, A convenient method 
of protecting from injury a folded map, mounted or unmounted, is to 
carry it in a transparent celluloid pocket which may be fastened on 
the inside of the notebook cover. A few extra copies of the atlas 
sheets coverii^ quadrangles on which work is to be done should be 
taken into the field. 

9. Stalionery box. — Each party should be provided with a suitable 
box for carrying stationery, maps, notebooks, and inetrumentB. 
A small steamer trunk with trays specially arranged for the purpose 
is most convenient. Patterns adapted to various conditions may be 
examined in the Survey office. 

10. Personal outfit. — Conditions under which field work is to be 
carried on will necessarily determine the personal outfit with which 
the field man must provide himself. He will naturally contult his 
own taste in matters of dress, but certain consideralions should be 
kept in mind. 
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(a) The bulk ind weight of the outfit sUould be kept ae low as 
poerible. The allowable limit will be deteriuined by the form ot 
traneportation It should be lowest where there le to be lauch 
travel by stage and pnvate conveyante or by pack train and may 
be higher where work la done irom a few hotelt or Irom a camp pro- 
vided with wagon transportation, 

(b) Neatnetisiadre^. sofarasisco.cpatible with the nature of tlie 
work, is strongly urged on field men. This can best be secured by 
havingclothingBpei'iallydesigned for field work. Khaki has proved 
highly satisfactory under a variety of rondilions, and samples of 
garments made froin this material and suited for field use may be 
inspected in the office and ordered fro.n the maker at wasonable 
prices. It should be re nejibered that the Survey is judged gener- 
ally throughout the rountry by iW field representatives, and in per- 
sonal appearance as well as in other waj-s tliey should do it credit. 

(i) Special attention should be given to shoes, since the conditions 
of a man's feet will materially affect the amount of work he will 
accomplish, Ueddii^ will not generally be furnished and the man 
who expects to live i[i camp should supply his own. Wool blankets 
of good quality are most satisfactory and economical, and in malarial 
regions a mosquito bar should always be used. Folding camp cota 
will he provided by the Survey; also canvas bed covers, 

{d) The chief or soiue iiie.r.ber of each party sliould provide hi iiself 
with a small supply of siniple medicines, bandages, etc., and with 
directions for rendering first aid to the injured. This is especially 
important where the lieid of work is remote fro :i physicians and 
druggists. The outfit should include a hypoden.iic sjTinge and a 
supply of potassium permanganate for regions infested with poison- 
ous snakes. 

Organization of Farties. 

1. Labours.— The letter of afsignment authorizes ihe chief of 
party to employ the necessary laborers, including ('0<i):s, leanisterB, 
packers, etc. and before entering on their duties each one must 
sign a contract, two copies of which are forwarded to the office imme- 
diately. Blank contract forms are provided. I.ihnrers should, so 
tar as practicable, he employed in the region where the work is to 
be done. As the efficiency of the party is largely dependent on 
the capacity and willingness of the laborers, care should lie exereised 
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in their selection and this should not generally be postponed until 
the chief of party reaches the field. Excellent results have been 
secured in nian\- cases by selecting college students for these posi- 
tions. Kates of pay are determined by local conditions, but they 
should he as nearly uniform ss possible among parties working in 
the same region. Exceptional rates and cbanges of rate should be 
authorized by the administrative officer in charge. 

2. Scientific a»gi»tant». — Scientific and technical field assistants 
will generally be selected and employed in advance by the proper 
administrative ofBcer, and selections will be made so far aa practi' 
cable from eligible lists furnished by the Civil Service CommiBsion. 
In case itf becomes necessary to employ a scientific assistant in the 
field, special authorization must be obtained if the employment is 
for a period of more than one week. 

3. Patet o/gervke. — The dates of beginning and endi:^ of service 
of all temporary employees, both laborers and scientific or technical 
aasiBtantB, must l>e reported promptly. All vouchers for pay and 
subsistence will be held up pending the receipt of this information. 

4. FifldinsuTaiice.- — Asnoleaveisgiven to temporary employeesin 
the field, whether employed by the month or day, their pay stops 
immediately if they become incapacitated by reason of accident or 
sickness. In order that other members of a party may not be called 
on to bear the expenses entailed by sickness or accident of one of its 
members, all employees should be urged by the chief of party to lake 
out insurance. To provide insurance at the .lowest possible rate a 
mutual benefit association has been formed by members of the 
Geological Survey and other Government bureaus. This association 
exists solely for the purpose of giving health, accident, and life 
insurance to field men at cost and preventing unnecessary burdens 
from falling on the asHociates of sick and disabled men. Information 
concerning membership in the association can be obtained from 
chiefs of parties, 

5. Camp iTibsitUnce. — In some regions it is necessary and in 
others desirable to work with a camp outfit. The character of the 
outfit must be varied to meet the conditions, particularly the size 
of party, means of transportation, and character of work. It should 
contain the essentials for efficiency and comfort. Unnecessary 



hardship should be avoided as much a 
both lower efBcieiicy. 
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n the purchase and uee of supplies is exptecied, thoi^b 
the supply should be abundant and of good quality. The subjoined 
ration, prepared primarily for the Alaskan parties, has been used 
for a number of years and found both abundant and well balanced. 
It will be found useful in ordering supplies, particularly when 
transportation is by packing and therefore limited. The amounts 
of some articles will, of course, be reduced i£ fresh meat, eggs, and 
vegetables can be bought in the country, and also if transportation 
permits the carrying of caaned vegetables, fruit, and milk. 



[PoundB.) 
Flour or hard tack 

alee 

Evapoiated potatws 

Pea sausage 

Evaporated soup vegetables 

Butter 

Dried beet 

Crystalllied egge 

Beel-t«« capsules 

Tea 

ChoeolBte 

Onions 

Ume Juice 

Eyaporated fndt 

Sa» 

Baking powder 

Uaatard 

Celer7salt 



PrhyGotll^le 
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I( k iiftoii desirable to know in advnncp the amonnt of feed which 
will be required by stock, and the following rat ion maybe used aa a 
boMB for a 



(rounds.] 



or Com. Hk<r. 



Light horsee 10 12 14 

Mules 8 B 12 

6. Di>s,ipliru. — In the conduct of a party in camp llie chief ehouid 
insist on punctuality, order, and neatness. With iocrease in the 
size of a party a proper amount of discipline becomes absolutely 
essential to efficiency. He should also insist on a proper regard for 
health on the part of each member of his party. Well-prepared food, 
prcitectioti from flies and mosqiiitoeH, and care in respect to drinking 
water are prime essentials for health, and too much care can not be 
escrciwd in these particulars. Camp sites should be carefully 
selected and the tents should be arranged in a definite order and not 

Classification of Work. 

1. Field work may he classified as follows; 

(0) .\reftl, atractiiral, Ktic! siratigtaphic grology, n ilh ini'idcntal stodj- of eco- 

(6) Economlo geology, with Incidentftl atiidy of awal and Btrsllgraplilc problems. 

<r) Invratlji'ation at geology ofmiDeral deposit;. 

i,d) InveaKgntlait ot paleontoJogic aad stratlgiapliic geology. 

(f) Investigation o( glacial and physiographic geology. 

2. Folio work comes chiefly under a, but in part also under 6 in 
districts where the areal and stratigraphic geology is studied only 
in relation to mineral deposits, l^and -classification work comes 
under b. The chanicter of work in relation to this classification 
should be kept in mind and the observations and their record made 
tn conform to its purpose. 

Field ObsenratioQB. 

1. £Mfn((oi5((ai((iei.^Field observations should be (Aoroujfc, accM- 

raie, sysfeniatic, and compreheniive. On the degree in which theee 

qualities are realized will depend the value of the coucluBioiia 
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embodied in the tesulting report and henire the scientific stAnding 
of the geolc^Bt and his vsJue to the Survey. No geologist achieves 
perfection in this particular, but nothing ahort of perfection should 
be the aim. 

Thoroughness demands and involves willingness to perform the 
necessary labor required to get into close contact with the phenom- 
ena to be observed. It often entails foot work and climbing where 
the temptation is strong to use the glasses. It requires the same 
alertnesB at the end of a long day ae at its beginning. The field 
geologist should always bear in mind the fact that he will probably 
never again see the particular locality he is studying and should 
therefore aim to make his observations so thorough that he will never 
again need to see it. 

Accuracy involves exact location by close watch of the map, con- 
stant appeal to measurement, minute examination, and a full record, 
for no matter how vividly observations seem fixed in the memory at 
the time they will certainly fade and become so confiised with othei* 
that their value will be reduced to zero or less. 

System is easy for some and difficult for others, but can be culti- 
vated with advantage by all. To assist in its cultivation is the object 
of the schedules appended to this volume. 

Comprehensiveness comes with experience, together with an appre- 
ciation of the variety of phenomena to be observed and of their rela- 
tions. There is no region so simple as to present only a single class 
of geologic phenomena and the geologist should observe all facts in 
some clasaes (determined by the main purpose of his work) and some 
facts in all classes. Even if his work is primarily economic, be should 
be thoroii^hly alive to the purely scientific problems presented by 
the r^on and can generally study one or more such problems with- 
out detriment but with probable advantage to his economic work. 

2. PTeliminary TeconnaUsaiue.- — On reacbii^ the field, if the geol- 
ogist is not already familiar with its general relations from previous 
work in theaameoradjoimng regions, he will find it higiily profitable 
to spend the necessary time in makinga preliminary reconnaiseance. 
By this means he should be able to outline the problems to be inves- 
tigated and to determine the logical order of procedure for their 
solution. A sufficiently delinite idea of the physic^^raphy, stratig- 
raphy, and structure should be acquired so that the field work may be 
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planned to proceed fiom the eimple and evident to the complex and 
obecure. Such a reconnaiBsance should always precede the study 
of economic problems and should generally cover a much largerarea 
than will aubsequently be worked in detail. The geologist should 
seek an early opportunity U> become acquainted with the beet- 
informed and moet representative mining men of the district under 
examination, aince much valuable infonuation, auch as drill records, 
mine mape, etc., obtainable in no other way, can often be procured 
from them . To secure their confidence and cooperation is therefore 
important. 

3. Work of lutiittmtt. — The responsibility for both quantity and 
quality of work accomplished by a party reete with the chief. He 
should see that asaiatanta work to the beet advantage and no assist- 
ant should be permitted to carry on independent work until his 
reliabilty and capacity have been thoroughly tested. The work of 
assistants should he so arranged that the chief will have opportuiuty 
to check their results at frequent intervola. This inspection should 
be actual and not merely perfunctory and should extend to note- 
books, maps, specimen labels, etc. It is highly important, both for 
the chief and the assistant, that there should be full discussion of 
the problems under investigation during the ptogreas of the work. 

Estimatea of BiHtanoa, etc. 

1. It is not always )irt»;licable or necessary to make actual meas- 
urements of distancee, dimensions, or angles. In many cases the 
measurements can not be made by reason of inaccessibility and in 
others the degree of accuracy required is not auch as to justify the 
expenditure of time involved. It becomes neceesary then to sub- 
stitute estimates, and their accuracy depends in part on natural apt- 
itude, but chiefly on training. The field geologist shoiild therefore 
train his eye and judgment so as to attain the highest possible degree 
of accuracy. It is well to form the habit of making eetimatea before 
measuring distances or angles, for comparison with results of the 
measurement. Only by so verifying estimates can the desired 
d^Toe of accuracy be attained. 

2. Large distances and altitudes can be estimated beet by apply- 
ing some unit of measurement. Thus by repeated trials a hori- 
zontal dietance of 100 or 1,000 feet should be estimated within a 
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small percentage of error, and theee dutances may be used aa unite 
ior estimatmg the greater distance. In the same way 6 or 12 feet of 
altitude is easy of estimate and may be used as a meaeiite in detet- 
miniog the height of a cliS or steep alope. The 46° angle can, with 
practice, be deteimined atmoet as accurately with the eye alone as 
with an ordinary clinometer, and by aubdivieion any other vertical 
angle can be obtained. 

Horizontal If BaBmements. 

1. The neceBflity for determining horizontal distances with reason- 
able accuracy is of constant occuirence and a variety of methods 
may be employed, depending on the conditions present and the 
d^ree of accuracy required. These methods, named in the order 
of frequency with which they will be employed, are (a) pacing, 
(&) revolutions of a wheel, (c) tape, and (d) stadia. 

2. Pacimi. — Every field geologist should be able to measure dis- 
tances by pacing, with an average error not greater than 2 per cent 
on level ground and not greater than 10 per cent on the roughest 
ground and steep slopes. The length oi the pace should be accu- 
rately determined under a variety f>t ronditiona. The accuracy is 
increased by making the pacing step slightly longer than the ordi- 
nary walking step. The separate steps may be counted, in which 
case some form of tally register should be used, or preferably only 
each fourth step should he counted, giving a four-step unit. This 
is conveniently done by naming a digit in the thousands, hundreds, 
tens, and units place tor the four steps constituting the unit. Thus 
the first pace will be CMM)-1, the second 0-0-0-2, the tenth O-O-l-O, 
etc. After a little practice the count becomes subconscious and 
distracts the attention only slightly from other thii^. 

Distances may also be measured with a fair degree of accuracy, if 
the ground is not too rough, by counting a horse's steps. The length 
of the pace should be determined for each animal before it is used as 
a unit of distance. 

■ 3. RevolutUnw of a ■whtel. — Where measurements are to be made 
on a road and a buggy or buckboard is available, there is great 
economy in the use of the circumference of a wheel as the unit. 
The actual revolutions may be counted, a piece of cloth or brush 
being tied to one of the spokes as a marker, or an odometer may be 
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uwd. These instrumente are, howevei:, generally unreliable and 
may introduce large errors into the measurement. If an odometer 
is UBed it is preferable to eelect one which records the actual revolu- 
tions of the wheel rather than one reading directly to miles aad 
fractions of a mile. In fact, tor traverse work the latter type is 
practically useless, ae 'the smallest fraction to which it can be read 
is beyond the allowable limit of error in such work. 

In making a traverse with wheel meaaurements the scale used for 
plotting on the plane table or notebook should be such than an even 
number of revolutions is represented by a unit division of the inch, 
80 that it will not be necessary to reduce the revolutions to feet 
before plottii^. 

4. Tape iiiw.— The field outfit should always contain a 50 or 100 
foot tape, preferably steel, for use in measurii^ short distances 
where a high degree of accuracy is required. It is especially useful 
in measuring sections for obtaining thickness where the conditions 
do not permit the use of a wheel. Two men are required for its use 
and a tally register is desirable. 

5. Stadia. — Where lines are to be run without reference to roads, 
BO that a wheel can not be used, and where a higher degree of accuracy 
is required than can be obtained by pacing, the stadia method may 
be employed. Any instrument carrying a telescope and vertical 
circle may he used for this purpose, bb a transit or telescopic alidade. 
To the reticule of the telescope are added two or more fixed hori- 
zontal wires placed at certain distances apart. A rod subdivided to 
suit the interval between the wires and painted in distinct colore 
forms part of the outfit. When the rod is set up at a distance from 
the telescope, that distance is ascertained from the number of sub- 
divisions included between the wires of the telescope, the value of 
each division of the rod being known. In measuring distance on 
elopes correction must be made to reduce the reading to horizontal 
distance. 

In case it becomes necessary for the geolt^t to use the stadia, he 
should thoroughly familiarize himself with ite construction and the 
precautions and corrections involved. 
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Vertical HeaBuramentB. 

1. The means eiiiplojed for detennining differences hi elevrtlion 
will be varied accorUii^ to tlie conditions and degree (if accuracy 
required. The inHtruiiieiits moat uaed are (a) the aneroid, (b) tins 
band level, (c) the wye le\el, and (d) the telescope with vertical 

2. Aneroid. — The ease wilh whidi the aneroid ie carried aiid read 
makes it an exceedingly uselul instrument in geul(^ic field work. 
The limilationa to which it is suhject should, however, always be 
kept in mind. Since the delcrinination of difference in elevation 
depends on differences of dtniospherit preaBure, the apparent differ- 
ence between two points raav be increased or decreased by changes in 
the general l>arometric pressure of the region taking place during the 
interval between the taking of the observations. The time interval 
between readings aliould therefore be as short as practicable. The 
aneroid should be used differentially only and its readings sliould 
be checked by reference to known elevations whenever opportu- 
nity is afforded during the day as well as at the beginning and end 
of each day's work. l\ heuever checked by comparison with a known 
elevation the movable circular scale slumld be turned so that the 
needle is opposite the correct point on the scale. Tlie elevations 
should then be read direct from the scale in feet. If no check 
can be made for several hours and if when checked the reading 
is found to be too high or low by more than a contour interval, the 
error may be distributed backward over the readings in proportion to 
the intervals of time between them, or, in cane of a traverse, in pro- 
portion to the distance. 

The uncertainty of tiie aneroid is greatly in<reased in uiisettle<l 
weather, when barometric changes are rapid, and it is praditally 
UflelesH immediately before and after a thunderstorm 

On account of the delicate mechanism employed to magnify the 
slight expansion and contraction of the vacuum box and transmit it 
to the index needle, aneroids are easily injured and must be pro- 
tected from any sudden jar. Tliey should be carried preferably m a 
cloeely fitting vest or sliirt p<icket, secured by a string, or in a case 
fastened by a close loop to the belt. They should never be earned by 
a strap over the shoulder— particularly on horseback— or loose la the 
coat pocket or collecting bag. 

D,£,,t,7P-hy Google 
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3. ifainiifcei.^Smalidifferenceeof elevation which must be deter- 
mined with considerable acpurai^y, as for obtaining thlcknesB of beds, 
should generally be measured with some form of hand level. The 
Locke level is aimplest in construction and mort convenient to carry 
and will serve ordinary purpoBes. The Abney level is likewise 
serviceable and may be used also to measure vertical angles. The 
Brunton compass may be used aa a hand level and ii so used it will 
be unnecessary to carry a level in addition. In rase a large amount 
of hand leveling is to he done and the slopes are gentle, aa on roade, 
the telescopic hand level is the beet instrument to use. 

The distance to the observer's eye above the ground should be 
determined to the nearest tenth of a foot. The best results are 
obtained on a moderately steep slope, so that the point determined 
on a level with the eye m3y not be too distant for easy identification 
when it is reached. On a very steep slupe elevations may be deter- 
mineJ with a fair d^rce of accuracy without an instrument, by 
estimatii^ the horizontal point with the eye. 

It sometimes becomes necessary to determine differences in eleva- 
tion where the ordinary method of using the hand level by sighting to 
the ground ahead is not applicable, as where the slope is gentle and 
covered with tall grass or brush so that the groun 1 can not be seen. 
Under such circumstances the assistance of a ro:lman is necessary. 
It sights of 200 feet or more are to be taken the hand level may be 
fastened across the end of a stick of convenient length — about 5 feet — 
and BO held much steadier than without such a support. The Abney 
level is supplied with a rod socket for this purpose. A rod may be 
made from a light, straight pole, 10 feet long, the end of a rule held 
against it being userl as a target. Fore sights and back sights are 
made and recorded as when using the wye level, but the height of the 



4. Wyt Utiei. — It sometimes becomes necessary to determine ele- 
vations more accurately than can be done by the methods described 
above. This is the case, for example, where the minor structures 
are being worked out in an oil field and the elevation of outcrops or of 
well heads must be known within a foot or two. Under such condi- 
tions flying levels are run with a wye level from the nearest bench 
mark. This work is slow and expensive and should therefore be 
confineJ to the alisolutely necessary locations and used only where 
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there is a good topographic base available. A special notebook 
adapted for both level and geologic notes has been deBigned by 
M. J. Munn and should be used where much of this work Lb done, 

5. Telescope mth vertical circle. — In caae the stadia method is 
employed for mcsBuring diBtanceB, either with a transit or with a 
telescopic alidade, elevations will at the same time be obtained by 
means of vertical angles. Tables tor obtainit^ elevations from stadia 
readings are given in "Geographic Tables and Fonnulaa," pub- 
liahed by the Survey. The use of this instrument in geologic work, 
however, will be exceptional and before attemptii^ to use it the 
geolc^Bt should acquire experience under a competent instructor. 

Determination of Thiokness of Beds. 

1. In the study of areal, stratigraphic, and structural geology, the 
thickneae of beds must be determined at many points. The char- 
acter of the topography and the outcrops and inclination of the beds 
will determine the method employed. 

2. The simplest case is where the beds are approximately hori- 
zontal and the slopes are steep. Under such conditions it is nec- 
essary only to measure the vertical distances between upper and 
lower limits of the stratigraphic units by aneroid, hand level, or wye 
level, dependii^ on the degree of accuracy required. If the slope 
on which the section is made is very ateep — 30° or more — dips of 3° 
or less may be neglected. 

3. It the beds dip, three factors must be determined — (a) dip 
angle, (fi) slope ai^le, and (c) distance across the beds normal to the 
strike; and three cases occur — (a) with surface horizontal, (b) with 
surface slopii^ and beds dippii^ into the slope, and (c) with surface 
sloping and beds dipping with the slope. These three cases are 
shown in fig. 1, from which it is seen that— 

(o) Thickness of beds J.—B-aB-ABXB\n BAa. 
(6>ThlofaiB88o[bei38B— C^6(VBi?Xsln((7fl<+«B61. 
(rt ThioknesB ol beds O—D-cD- CiJxsln i}Cc-fcD). 

The dip angle (BAa'-eBb—fCc) is measured directly with the 
clinometer; the slope angles X^^Be and /CD) are either measured 
directly or obtained from the diSarence in elevation, which is the 
dope distance into the sine of the slope ai^le. 
44014—08- 
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To facilitate eakulationa a table of natural siDes and tangents is 
given on page 43. 

4. With increasing dip the horizontal measurement becomes rela- 
tively more important than the vertical, and where the dip becomes 
appcoKimateiy 90° the difference in elevation between limits of the 
beds may be neglected and the true thickness will be represented 
by the horizontal distance measured at right angles to the strike of 
the beds, 

5. A convenient method of determinii^ the thickness of beds 
without calculation, when the angle of dip and horizontal distance 
across the outcrop normal to 'the strike are kno^n, is by the use of 
the diagram shown in lig. 2. The horizontal rulings correspond 
to degrees. Any convenient scale may be adopted for the spaces 



Fio. I.— Diagram Illustrating determination o( thickness of tiefla liy trieonomfltrio 
method. 

between vertical rulings, ae 1, 10, 50, or 100 feet. To determine the 
thickness of beds, find the horizontal line corresponding to the dip 
angle and follow it to the right for a distance corresponding to the 
measured distance across the outcrop on the scale selected. If this 
distance coincides with a curved line the latter is followed to the top 
of the dit^rani, where the thickness is determined directly by the 
distance between it and the left margin, the sskme scale being used. 
If the point falls between two curi'ed lines, the measurement is 
made to a point at the top of the diagram having the same relation 
to these lines. 

6. A convenient method for the direct measurement of thicknesB 
in making detailed sections, particularly on steep slopes or with 
steeply dipping beds and where exposures are nearly continuous, is 
as follows. To the upper end of a rod of convenient length — 5 feet 
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form a right-angled T, A zigzE^ jointed 5-foot rule may be used 
instead of the rod. In addition to the rod either (b) a hinged cliflom- 
eter with level on one arm, or (6) an Abney level, or (c) a Brunton 



Diagram llluatmtlng determination of thtdcneas ot bada by giaphlo 



compass is used. The dip of the beds is determined and if a clinom- 
eter is used the arms are opened so that the angle between them ia 
equal to the dip angle. If then the lower limb of the clinometer is 
held finnly on the top of the T rod and the rod is inclined until the 
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upper limb ie horizontal, the lower limb will be in the plane of bed- 
ding projected upward toward the observer. By sighting down thie 
limb the bed in whose pl&ne it lies ia determined and the beds be- 
tween this plane and the foot of the rod have a thickness equal to 
its length. The foot of the rod ia now moved up to this bed and 
again brought into position so that the upper limb of the clinometer 
is horizontal and the rod is at right angles to the bedding, and a new 
point is obtained by sighting down thelowerlimb. Count is kept of the 
unit thicknesaeB and the total thickness between determined limitB 
is obtained with no calculation except a multiplication of the length 
of the rod into the number of sights taken. The method is very 
sin^lar to the use of the hand level for obtaining elevatione, and 
becomes identical with it when the dip become zero. 

When the Abney level or the Brunton compass is used the method 
is the Bam.e except that the vernier arm carrying the level is set at a 
point on the divided circle corresponding t« the dip angle. 

7. Where surface expoeurea&renearlyorquitecontiauous, so that it 
is not neceesary to foUow stream channels, and where dips are steep 
and variable, sections should be measured as nearly as possible at right 
an^es to the strike. In order to get the best exposures it is generally 
necessary to make occasional ofisets along the strike, following some 
easilyideati£able bed or contact. Measurementaalongthestrikeneed 
not be made with the same degree of accuracy as those normal to the 
strike. The notes of such a traverse may conveniently be kept in 
tabular form, a page of the notebook being ruled into columns for (1) 
number of the station, (2) character of rocks, (3) distance (measured 
on the slope), (4) slope angle (U when the slope is up in the direction 
of traverae and D when it is down), (5) altitude {or elevation witii 
reference to any assumed datum), (6) dip angle (F when the dip is 
in the direction of the traverse and B when the reverse), (7) strike, 
and (8) thickness. All columns except the last should be filled aa 
the traverse proceeds, and where direct measurements can be made 
the tbickneee should be recorded also. Columns 3 to 6 contain the 
necessary data for computii^ thickneBses by the methods given 
above, if they can not be meaaured directly. 

In case it is necessary to make surface measurements diagonally 
across the strike, the distance normal to the strike is determined by 
the solution of a right-an^ed triangle, the line traversed being the 
hypothenuse (h) and the angle which this line makes with the strike 
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being an adjacent angle (c). The aide (B) opposite thia known an^e 
will be the distance on the slope normal to the strike — that is, £= 



S. la making sections of steeply inclined and poorly exposed 
beds, the observed dipe at the nearest exposures often show wide 
variation. A convenient method of obtAining approximate thick- 
neesee imder such conditions is aa follows: Measure horizontal 
distances as nearly as possible at right angles to the strike, locating 
and measuring as many dips as poeeible. Construct a normal 
profile to scale and plot upon it all dips projected in their proper 
horizontal relations, as in fig. 3. Extend the dips in straight linea 
above and below the profile. At the intersection of each dip line 
with the surface profile draw a line at right aisles and extend it until 




Fio. 3.— Diagram lllustiat[TiK deteiminatloit 



it intersects the dip lines on either side. The thickness of the beds 
between any two observed expOBUres, as A and B, will be equal to 
one-hali the sum of the lines intersected between the dip lines above 
Ab +<iB 

and below the profile—that is, — ■ This value can be scaled 

2 
off directly from the diagram. The construction is based on tha 
assumption that the dip varies uniformly fiom Ato B, which may 
or may not be the case. Moreover, the results are too large if the ob- 
served dips are at diOerent elevations and converge downward, and 
they are too small if they diverge. Thus in the section represented 
by fig. 3 the thicknesses will be approximately correct from. Ato E, 
too small from E to F, and too large from Ji* to 0. The method is 
applicable therefore only where the profile is approximately horizon- 
tal and should be employed only where the exposures are not suffi- 
cient for more accurate measurement. 
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Detentunation of Depth of Beds. 

1. It U frequently necessftry to determine in the field the depth of 
a particular bed or horizon at a, distance from its outcrop, or to deter- 
mine the distance from the outcrop at which & coal bed or oil Band 
reaches a given depth. The problem may be solved by graphic 
or trigonometric methods. 

2. The graphic method involves the construction of a section at 
right angles to the strike. Dips are plotted on the profile drawn to 
scale and showing the thicknesses of intervening beds as deter- 
mined by the methods given in paragraphs !1 to S, above. The 
depth of a bed at any point, or the distance from the outcrop at 
which any bed reaches a given depth, can then be sealed off directly 
from the section. 




3. By the trigonometric method three cases occur — (1) where 
the surface below which the depth is to be determined is horizontal, 
(2) where the surface slopes and the beds dip into the slope, and (3) 
where the surface slopes and the beds dip with the slope. The three 
cases are shown in fig. 4, from which it is seen that — 

(1) Deptli of bei3 Aa at B-Ba -ABXiaa SAa. 
(I) Depth o( bed 56 at C-Cb- — coa ngft " 



(a) Depth at bed Cc at i> -Dt - 



ogle 



GENERAL INSTRUCTIONS. 39 

In thia figuie AB, BC, and CD are the surface distances normal 
to the strike of tbe beds; BAa, eBb, and fCc are the dip angles: 
CBb ifl the sum and DCc is the difference of dip and alope angles. 

4 . For convenience in determinations where the surface is approxi- 
mately horizontal, a table giving depths of a bed for various angles 
of dip and distances from outcrop is inserted on page 44. Where the 
elope is gentle and great accuracy is not required this table may be 
used by adding to tbe depths given the difference in elevation be- 
tween tbe outcrop and the point at which the depth is desired — 
the difference in elevation being positive when this point ia higher 
than the outcrop and negative when it ia lower. The erroiB will 
generally be well within the iimite of accuracy of meaflurement, 
and the fonuuhe given above need not be employed except with 
steep slopes, 

Detennination of FatiltB. 

1. Where exposures are sufficiently abundant the facts necessary 
for the determination of the direction and extent of a displacement, 
particularly if it ia relatively small in amount, may be observed 
directly. As a rule, however, the dip of the fault plane and the di- 
rection and amount of displacement must be inferred from a number 
of observations at different localities. Field ohaervations should be 
made with especial care and completeness in the vicinity of faults, 
for it is here that the unexpected ia always apt to occur. 

2. Dip of fault plarw.— It often happens that the contact of rocks 
on opposite sides of a fault plane can not be seen at any point, al- 
though the fault may be traced for many mUes. To afford data for 
determination of the dip, as many points as possible on the &ult 
should be accurately located both horizontally and vertically. The 
points should be selected so that the horizontal distances will be as 
small and the vertical as large as possible. Three points properly 
selected and accurately located will give better results than a larger 
number less carefully chosen and determined. The best locations 
are at the bottom of a valley transverse to the fault and on the hills 
on either side. The three points fix the position of the fault plane, 
and its dip or the angle it makes with the horizontal may be deter- 
mined by construction or trigonometric methods. The trigonometric 
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method involves the solution of & number of trianglee and the extrac- 
tion of Equare roots. Its practical application, therefore, necessitates 
the use of logarithmic tables, which are not generally accessible in 
the field. The method by construction is relatively simple and 
requires only a protractor, dividers, and scale. This method is illus- 
trated in fig. 5 and is as follows: 

Let the three points in the fault plane be A, B, and C. Let C be 
the lowest and B the h^hest, the differences in elevation having 
been determined. The horizontAl or elope distances from (7 to J and 




Fia. 5.— Dlagraia iUustratlog detcimlaatJoa ot dip of fault pUne. 

B and the azimuth of the lines connecting them have also been de- 
termined. Lay ofi with the protractor the lines CA and CB, in 
proper azimuth on the scale adopted. If these lines represent slope 
distances project the points A and B upon the horizontal plane pass- 
ing through C, as follows: Construct a right triangle (BCb") with 
CB as the hypothenuse and the difference in elevation between C 
and B as the perpendicular. Lay off on CB a distance equal to the 
base of this right triangle — that is, Cb=Cb'. Determine the point a 
on CA in like manner. Draw a line through a and b and extend it 
beyond a. The triangle aCb is the horizontal projection of the por- 
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tion of the inclined plane included by the lines connecting A, B, 
and C. If the dietancee between C and A and B are horizontal dis- 
tances this projection is not neceasary, since the triangle can be 
diawn at once — in the b-orizontal plane — and the line completing 
the triangle will be drawn tbroi^h.^ and B, 

At a and 6 erect perpend iculars equal reepectively to Aa' and BV, 
and dtaw a line through their extremitiee to its intersection with 
the line ha extended at 0. This point of intersection will be in the 
horizontal plane and also in the inclined plane. Since C also is in 
the same horizontal plane and in the inclined plane, a line connect- 
Log and C will be the intersection of these two planes and hence 
tliesfrt'jte line. From the horizontal projection of either of the points, 
aa b, let fall a. perpendicular to JO on this strike line OC extended. 
From b draw bd perpendicular to bB and equal to Bb", the difference 
in elevation between C and B. Connect its extremity with D and 
the angle bDd will be the angle sought, the inclination of the fault 
plane to the horizontal. 

Unless the field measurements have been made with exceptional 
accuracy the error in the above solution will come well within the 
limit of error of observation. 

This method is of course applicable in the determination of strike 
and dip of any inclined plane in which the relative position of three 
points is known. Thus it will be found useful in determining the 
strike and dip of a bed which is intersected by drill holes or which, 
from the nature of its exposures, does not admit of direct measure- 

3, Arigle of intertection with oblique vertical plane. — It frequently 
becomes necessary 1<> determine the angle of intersection of a fault 
(or other inclined plane) with a vertical plane oblique to the strike 
of the fault. 

The trigonometric solution may be used when tables of natural or 
logarithmic functions are at hand. Let m be the ai^le of dip of the 
inclined plane and n the angle between the strike of the inclined 
plane and the vertical plane. To find x, the angle which the line 
of intersection of the two planes makes with the horizontal, tan 
X'Mtan m sin 71. 
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The problem may be solved by conetruction at follows: Let AK, 
fig. 6, be the azimuth of the vertical plane; draw AL bo that the 
angle £'AL=n=the angle made by the strike of the inclined plane 
and the azimuth of the vertical plane. Take any point (C) on AL 
and erect a perpendicular CB. With CB aa a b 




right triangle with the ai^le BCD'^m=^t'he angle of dip of the 
inclined plane. Draw Biy^BD and at right angles to AB. Con- 
nect A and ly. The angle BAl>'=x will be the angle sought. 
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Tablea and JonnnlaB. 
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Field IToteB. 



The recording of obaervations is a mechanical process as compared 
to making them and hence la's more suitable subject for inatruc- 
tiona. The fact that it is a mechanical process, however, does not 
detract from its importance, for no matter how carefully the observa- 
tion is made it has little value unless it is recorded so that it can 
be used. The form of the record must vary widely and the one or 
combination best suited to the particular case should he selected. 

WRITTBN NOTES. 

1. All notes must be legible not only to the person who makes 
them, but to anyone else, and that without undue effort in decipher- 
ing them. A reasonably clear handwriting is therefore essential 
and no field geologist can afford to use an ill^ble scrawl. If abbre- 
viations are used they must be unambiguous and such as will be 
readily understood without a Icey — e. g., sandstone, ss; limestone, 
11 or Is; quartz, qtz; quartzite, qit; eto. 

2. Notes must be definitely localized and connected with a map. 
The exact system of reference employed is not important, provided 
it is simple, unambiguous, and consistently used. The locality 
at which an observation is made or a specimen taken should be 
marked on the map by a small cross or dot, or in case of a section 
by a line connecting two crosses or dots, with a reference which may 
be (a) number and page of notebook, (b) a date with letter indi- 
cating separate notes for that day (8-7-13-E)| or (c) any combina- 
tion of numbers and letters which will serve to connect the point 
on the map with the written note and enable either to be found 
readily from the other. 

If the geology is so complex that a large number of observatiouB 
must be made within a small area and the reference numbers would 
become confused, some system of coordinates may be used, viz: 

(a) The atlas sheet is dissected on meridians and parallels— K^ 
each way if the scale is 1: 125,000 and 5' if it is 1: 62,500; the sections 
are numbered and pasted on a page of a notebook with quadrille 
ruling to sixths of an inch; the rulings about the margin of the map 
are continued across it both vertically and horizontally; letters are 
placed across the top and numbers down the side. A dot is placed 
on the map at the point of observation and the notebook referedce 
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will consiat of an abbreviation of the quadrangle name, the aumber 
of the section of the atlaa sheet, and a coordinate letter and num- 
ber — e. g., Ilo-3-B13. If several pointa tall in the eame Bquare 
they may be diBtinguisIied by letters indicating the quarter, aa 
NW., NE., etc. 

(6) The atlas sheet is dissected and pasted in the notebook aa 
above. Each section is subdivided on meridians and parallels 
into 25 quadrangular areas, 1' or 2' each way, depending on the 
scale, and each of these into 9 quadrangular areas. The last sub- 
division need not actually be made on the map, as the position of 
a point within the 1' or 2' areas can be estimated. The method of 
subdivision and numbering is shown on the accompanying diagram 
(fig. 10). With this system a notebook reference would consist of 
an abbreviation of the quadrangle name and the numbers of the 
successively smaller subdivisions — e. g., Ro2-35-6. 

In case the writing of specimen numbers would confuse the map 
if placed on its face a convenient method of location is to make a 
pin hole through the map and write the number on the back of the 
notebook page on which it is mounted. 

When a topc^raphic map is not available the descriptions of the 
locality should be sufficiently exact and complete to enable another 
observer to find the locality on the ground without difficulty. This 
of course makes it necessary for the observer 1« know exactly where 
he is when he makes the observation. If he does not know, his firat 
duty is to find out, 

3. Distances, thicknesaes, and dimensions should be expressed in 
definite units derived from actual measurements or estimates — and 
the notes should state which^ — and not by means of indefinite or 
relative expressions as a "short distance," "a considerable thick- 
ness," etc. Estimates should be accepted only where the object ia 
inaccessible or where an error of 10 per cent or more is permissible. 

4. Written notes should be dated and signed and should contain 
some information as to the conditions under which the observatioas 
were made — e. g., from camp, with its location; on foot; from public 
stage; etc. 

5. Notes should be carefully classified under prominent headings 
to facilitate indexing. Clearness and ease of reference, classification, 
and indexing are more important than economy of paper. Headings 
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may be added later, to save time in the field, but the habit ot making 
them on the spot ia a good one. If a loose-leaf notebook is used, only 
one subject should be placed on a. page, so that the leaves may be 
afisembled and classified under various subjects and localities. Id, 
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FiO. 10.— Dlagrani llluatratine sabdivigton ot map (or reterenoe numbers. 

this case the claBsLfication need not be fised at once and is always 
subject to change. 

6. The record of facta actually observed should be kept separate 
and distinct from conclusions based on inference, hypothesea, and 
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theories, which, however, should not be omitted but written down 
aa they occur in the field. They can easily be eliminated Iat«r 
when — ae will often be the case — they are proved incorrect. The 
clear-cut statement ol a hypothesiti often initiates the search for 
additional data which may prove or disprove the hypothesis. 
MAP NOTBS, 

1. For field notes it is generally deairahle to use a map enlai^ed by 
phott^raphy to at least twice the scale of the ei^raved atlas sheet. 
If necessary for clearness the drainage may be inked in blue. Xt 
specified on the requisition the photographs can be toned ki give 
brown instead of black lines, which adds materially to the legibility 
of the map and the added data. The paper used should be of the 
best quality as to toughnesa and texture for taking ink. Only water- 
proof inks should be used on maps either in the field or in the office. 

2. Boundaries of cartographic unita must be placed on a map in the 
fidd. If by reason of inadequate exposures a boundary can not be 
accurately located on the ground, no amount of study in the office 
will increase the probability of correct location and the benefit of 
many significant facts of soil, topography, etc., will be lost. It a 
guesa is the best that can be done, the best place to make the guess 
is on the ground. Obsereed and inferred boundaries should be dis- 
criminated — as by solid and dotted lines— and a special symbol 
should be used for various classes — e. g,, conformable contacts, sedi- 
mentary unconformities, faults, intrusive contacts, etc. The map 
should show the exact point at which the observation was made. 
It frequently happens that the cartographic units which are to 
appear on the published map are not determined until the work is 
well advanced or until office determinations have been made. It is 
h^hly desirable, therefore, to locate and place on the map in the 
field not only those boumlaries which will certainly be used, but also 
those which may possibly be used. 

3. Structural data should be placed on the map in the field by 
means of suitable symbols showing dip and strike of beds, structure 
axis, dip of faults, etc. These symbols should indicate as nearly as 
possible the exact locality at wiiicb the observation was made. 
They should show angles of dip by figures and should be sufficiently 
abundant fo enable structure sections to be drawn wherever 
dewrable. ^-, . 
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4. Litholc^c and stratigraphic data may generally be placed on 
the map in the field by means ot abbreviationa. These, however, 
ehoald always be supplemented by written notes and the exact 
locality at which detailed lithologic obeervations are made or 
sectione measured and described should be indicated on the map 
by a reference number or letter connecting it directly with the 
record in the notebook. By the use of a hard pencil and with 
careful writing a surprisingly lai^ amount of information can in 
this way be placed directly on the map. 

6. Localities at which collections of rocks, minerals, fossils, etc. , 
are made should be indicated on the map; also generally points 
from which phofe^rapha are taken, with the direction of view 
indicated. 

6. Economic data, such as locations of mines, quarries, gravel 
pits, undeveloped deposits, and prospect pits, should be placed 
directly on the map; also, unless the system is too extensive and 
complicated, mills, breakers, ore roads, etc. 

7. Special care must be taken to sectire neatness and accuracy 
in puttii^ these data on the map. A soft or blunt pencil should, 
never be used and unnecessary lines should not be drawn in advance 
of the determination of boundaries, or so that there will subse- 
quently be an uncertainty of several hundred feet in location. The 
use of colored pencils for drawing boundaries is sufficient evidence 
of inaccuracy to completely condemn, a piece of geologic work' 
All lines determined by each member of the party should be inked 
on his own map and the lines deteimtned by other members of the 
party should be transferred to it in pencil. 

8. In working an area for which there is a topographic map sev- 
eral copies should be kept in the stationery box and used for the 
compilation of various classes of data. This is especially necessary 
where there are several persons in the party. In case a photo- 
graphic enlargement is used for field notes, these compilation sheets 
should be the regular engraved base. As the work progresses and 
tentative cart(«mphic imits are decided on, boundaries should be 
transferred to an undissected base map in ink and the areas of the 
various units colored. Pencils may be used Ita this purpose, or, 
preferably, transparent Japanese water colors. The latter are 
recommended ior field use on account of their convenience and the 
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excellent results which they give. This map should always be 
brought up to date before moving camp or station. 

There should be a route map showing, by means of different^ 
colored inks, the exact route followed by each member of the party 
each day; also location of campe or other stopping places and route 
of camp outfit. This sheet may also be utilized as an index of col- 
lection and photograph localities. To another sheet should be 
transferred in ink all determined boundaries and the principal 
structural data. A third should show economic data, location of 
mines, quarries, mills, industrial railroads, tramways, etc. If many 
topographic corrections and additions are found necessary, they 
should be carefully plotted on a separate sheet, in ink, for tmns- 
miasion to the topc^raphic branch. 

9. While the geologist should carefully avoid a hypercritical 
attitude toward the topographic maps, he should note all essential 
' rs and wherever practicable furnish data for 
Changes in culture, particularly roads, bridges, 
railroads, etc., should be accurately noted. When an enlarged 
photc^raph is used in the field, allowance must be made for the 
difference in scale, particularly in criticising contour gencralina- 
tiona. The map may be entirely adequate for the engraved scale 
and yet open to criticism if judged on an enlai^ement for which 
it was not drawn. 



1. iSJUtcAe^.— As written notes are intended both to record facts 
and relations and to present a word picture of the things observed, 
they can generally be supplemented with great advantage by 
sketches and diagrams. A simple sketch is frequently the most 
satisfactory record of complex relations, particularly where the 
elements are on a small scale so that theii relations can be brought 
together in a single view. Such a sketch generally requires less 
time than a complete written description and makes definite the 
relations which written notes can only vaguely express; moreover, 
its construction will frequently call attention to important points 
which might otherwise be overlooked. The habit of making numer- 
ous sketches is therefore one which every field geologist should 
acquire and constantly practice. It is not necessary that they 
should possess artistic merit, but merely that they should be clear 
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and faithful to the facta. They are essential in connection with 
observations on ore deposits, details of contacts, unconformities, 
minor stnictureB, etc. The broader relationa of atructure to relief 
can also be brought out by sketches, but, unfortunately, more skiU 
is required for this than the ordinary geologist posaesseB. 

For geologic purpoeea sketches may be claaaed as plane or penpec- 
tiw. Plane sketches or diagrams are those in which relations of two 
dimensions only are represented. They are sketch maps, outlines, 
profiles, and Bectiona. The method does not differ materially from 
mapping. The outline or surface to be sketched is exmnined for 
salient points. The relations of these among themselves are noted 
to give control. Details are then filled in according to the com* 
plexity of the subject and the skill of the draftsman. In securing 
the control directions should be compared with the vertical or hori- 
zontal, and should be estimated or proportionately measured by 
scaling on a pencil held at arm's length. To fill in the work, 
the sketcher traverses or meanders the outlines with the eye and 
plots the traverse between control points by hand. The best 
practice is to keep the eye most of the time on the object and to 
train the hand to follow with only occasional guiding glances at the 
paper. The number of lines should be the least that will eipress 
the relations. 

Perspective sketching is like plane sketching, except that the 
objects drawn must be projected into one plane from their relative 
positions in three dimensions. An imaginary surface is assumed 
(the ground glass of the visual camera, as it were) and the control 
and traversing are executed as if the objects were all seen through 
that surface and thus observed on it. In order to express greater or 
less distance, relative size, amount of detail, distinctness of line, 
density of shadow, etc., are considered. 

2, Pbotographe. — The use of the camera has become so common 
that it has to a large extent displaced sketching by geoli^ts. While 
a photc^raph is valuable as a record of facts and relations, it should 
be remembered that the camera shows no discrimination and can not 
select and separate the important from the unimportant. It is, 
theiefore, unless conditions are exceptionally favorable, generally 
less satisfactory and convincing than a sketch. Moreover, it is a 
mistake to suppose that effective photography requires lees skill 
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than good sketching. The opentor needs to know the Umitationa 
of his lens, his plate, and his subject in order to jui^ the value of 
a picture before taking it. For it is not enough to take a picture. 
There should be an obvioua feature or features related to the object 
of study and of such a character as to be clearly recognized in the 
photograph. That which is plain to the narrow vision o£ well- 
directed obaervation may become an insignificant detail through a 
wide-angle lens. That which is distinct through differences of colca 
may be obscure in colorless light and shadow. Thus photography 
requires care and judgment, and theee qualities are the more im- 
pratant because every exposure entails future expense for developing, 
printing, cataloguing, and filing. 

In the use of the camera in the field two purposes should be kept 
in mind — to secure (o) an accurate record of facts — in other words, 
graphic notes— and (6) material for illustration of reports. For the 
flnt purpose, since the photographs are primarily for the geoiopat 
himself, attention should be given to bringing out the particular 
facte and relations desired in order to supplement the written notes, 
and the photographa should in turn be supplemented by written 
notes and sketches. For the second purpose attention should also 
be given to "composition" and the posdbUities of reproduction. 
The reader who sees the result may be entirely unfamiliar with the 
r^ion described, and the view should so far as possible set the niain 
features clearly before him . 

A critical eiuuuination of Survey phob^rapha for the selection of 
views illustrating geologic and physiographic types has brought out 
the fact that in most cases not sufficient care has been exercised in 
selecting the point of view. This care should he proportionate to 
the interest of the subject. Important adjuncts, the explanatOTy 
settings of a picture, are often lost through being too near to the 
object and desirable detail through being too far away from it. If a 
convertible lena is used, the combination should be employed which, 
ia best adapted to secure a complete view with the most detail. 



1. Exact location, both horizontal and vertical, is essential in 
nearly all forme of geologic field work. If this is not furnished by a 
topographic map it must be supplied by the geologist himself through 
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some f urm of a traverse. Even the best topographic maps will show 
some areas in which location ia impossible without traverse. The 
method of making a traverse should therefore be familiar to all field 
geol<^ta. 

2. Notebook traverse.— The general direction of the proposed 
traverse havii^ been determined, select a point on the edge of the 
notebook p^e ao that this direction will pass through its center. If 
the point of starting is identifiable on the map, indicate it there by 
a suitable reference number; take a compass sight to some object 
in the direction to be traversed and lay this down on the notebook 
page with a protractor; meaauxe the dialance by pacing or otherwise 
to the object sighted and lay oS this distance on the scale selected; 
from this new point take a second compass Mght, lay it off with the 
protractor, and proceed as before. Relief adjacent to the line of 
traverse should be indicated by sketch contours with sufhcient care 
to give a general idea of its character and both drainage and culture 
should be indicated. These features should be given with sufficient 
accuracy to check the topographic map, or in the absence ot a map 
to supply ita place. The larger scale permits fuller geologic notes 
to be written on a notebook traverse than on a topographic map. 
The scale selected should be such as to give a simple relation between 
the pace or other unit of distance and the notebook ruling — a con- 
venient scale is 40 four-step units to one square (one-sixtb or one- 
fifth inch). The scale used should be noted on each page containing 
the whole or part of a traverse, and particularly the equivalent in 
feet and inches of the unit employed. 

3. Shetching-ease traverae.^FoT rapid traverses where greater ac- 
curacy is required than the notebook method permits, the use of a 
sketching case may be found advantageous. This instrument, as 
modified by Glenn 8. Smith, is shown in f^. 11. It consists essen- 
tially of a small board 8 by 12 inches in size provided with a roller 
at each end carrying a long strip of transparent paper, k. compass 
box carrying a 3-inch floating card graduated to 360° and furnished 
with rifle sights is attached to one comer. Under the paper is a 
circular plate which can be rotated and moved laterally across the 
tfoard and on which is attached a card 6 inches in diameter con- 
taining a combined protractoi and scale. The protractor is grad- 
uated to degrees and numbered from 1 to 360. A radius extends 
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from- the center to each d^ree and theeo are divided into equtkl 
parts by a Beries of concentric circlea, bo that any radius may be need 
as a Hcale. Protractor cards are fumished suitably divided {or any 
acale desired, as 1 to 45,000, 1 te 90,000, or tenths of an inch. 

To use the sketching case, attach the paper to the rollera, winding 
all, except enough for fastening, on the upper roller. Determine 
the general direction of the traverse to be made, revolve the pro- 
tractor plate until the d^ree correspoiiding to this direction comes 
opposite the index line over the clamp screw, and clamp the plate 
in place. Draw a line on the paper through the zero and 180° poinia; 
this line will be the magnetic meridian. Move the protractor plate 
so that its center is near the middle of the paper; the station occu- 
pied is indicated by a point over the center of the protiaj^tor; eight 
to the next station to be occupied and draw a line on the radius 
corresponding to the compass reading; measure the distance to this 
station and plot it by means of the scale on this radius; move the 
paper down until the point indicating the second station is opposite 
the center of the protractor, and move the protractor plate sideways 
until its center coincides with this point; S^ht to the next station 
and to any points to he intersected and draw lines on the radii cor- 
responding to the compass readings. Relief, culture, and geologic 
data are recorded exactly as in a notebook or plane-table traverse. 

4. May Iraveree. — In case an enlai^ed photograph oi the base map 
is used in the field it is frequently desirable to secure accurate loca- 
tion by means of a traverse plotted directly on the map. If the mag- 
netic declination is more than 3° the magnetic meridians should be 
drawn on the map and used instead of the true meridians for plotting 
compass directions. More care is required in scaling distances than 
in making a notebook traverse on account of the smaller scale, but 
a decided advantage is gained in that the notes need not be trans- 
ferred. 

1. While the plane table is primarily a topc^iaphic instrument, 
it is under some circumBtancea utilized in geolc^ic work. In the 
absence ot a topographic map or where topographic and geologic 
work are being carried on at the same time the plane-table method 
with or without supplementary notebook traverses may be adopted. 
It is much more accurate than the notebook traverse and hence 
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ehould be used fur purpoBes of control even where the greater part 
of the work is done by more rapid but less accurate methods. It a 
practically indiepensable in caee it becomes necessary to make a 
detailed topographic map of a. small area — for esample, a small mining 
district. In such a district, where the geologic Btnicture is apt to be 
exceptionally complex and a high degree of accuracy is required, 
a plane table may be used with advantage, even with a good topo- 
graphic map. 

2. The geologist will rarely need to make use of the more elaborate 
forme of the instrument, such as the Johnson head and telescopic 
alidade. The traverse plane table with open-aight alidade will 
answer all ordinary needs. This consiata of a board about 15 inches 
square, intooneedge of which is set a narrow box conlaining a compass 
needle. The table is supported by a light tripod and is leveled by 
means of the legs. A screw fastens the board to the tripod head and 
it is held in adjustment in azimuth by friction. The table is oriented 
by means of the compass needle; that is, it is turned vintil the needle 
rests oppoeite the zero marks in the compose box and is thus always 
made parallel to its former positions, provided the magnetic decli- 
nation remains constant. The alidade consists of a graduated brass 
ruler, 6 to 12 inches loi^, with folding e^hts. Ordinary drawing 
paper backed with cloth is used and is attached to the board by 
thumb tacks. 

3. In makii^ a topographic map or a combined topographic and 
geologic map the following procedure is employed. The instrument 
isset up at the initial point, rou^y leveled, and oriented. A point 
is marked on the paper to represent the initial station, the eige of 
the alidade is placed ou it and pointed to the object selected as the 
second station, and a line is drawn in that din^ction. Sights are also 
made and lines drawn in the direction of any prominent objects which 
it is desired to locate, such as rock outcrops, hilltops, buildings, etc. 
The instrument is then taken to the etation sighted, the distance 
being measured and notod, and is either set up at this second station 
or moved to a third station from which the second is visible. The 
distance from the first to the second station is laid of! on the line con- 
necting the two, on the scale selected. This gives the point on the 
paper representing the position of the second station and may be 
occupied by setting up the instrument as at the initial point; or if 
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the iustruuLeut is moved to the third station, after orientu^, the 
edge of the alidade is placed on the second station point and sighted 
to that point. The line drawn will then connect the second and 
third station points and the position oi the third is determined by 
laying oR the measured distance between thom. From each station 
occupied eights are made to objects to be located and intorsectiona 
of the lines drawn from the various stations will give their locatione. 
At least three intersectiona should be secured on each object. Ane- 
roid elevation should be noted at each station and at intermediate 
points when necessary . Drainage and culture should be sketched 
and all prominent geologic features located while the traverse is 
being run. The contours may be sketched at the same time or this 
may be done subsequently by the same man, orone more experienced, 
after the traversing is completed . The geologic boundaries and other 
necessary geologic data may also be placed on the map during the 
traverBLng or after its completion. 

4. Supplementary notebook traverses in the area covered by the 
piane-table sheet should be transferred to that sheet in the field, in 
order to bring ti^ther geologic observations in their proper rela- 
tione during the progress of the work. 

5. The traverse method in plane-table work will be the one ctiai- 
monly employed by the geologist, but under exceptional conditions 
it may be desirable to make all locations by intersection. This 
involves the measurement of a base line and the development ot a 
series of triangles, full directions for which will be found in Bulletin 
No. 307 (Manual of topographic methods). 

6. In case a small area is being worked in detaU, as a mining dis- 
trict, and a good topc^irapbic map is available, the plane table may 
be used with advantage for securing exact location on the map. 
For this purpose the map should be enlarged to a convenient scale 
by photographing if necessury and a mounted copy fastened to the 
board with thumb tacks, the magnetic meridian being placed exactly 
parallel to the edge of the board containing the compass box. If 
the angle of magnetic declination is lai^, it is necessary to place the 
sheet askew upon the board, a condition which reduces the size of 
the sheet that can be used and is otherwise objectionable. To 
obviate this difficulty the map is tacked on the board with the true 
meridian parallel to its edge, (a) The compass box, instead of 
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being fastened rigidly to the board, is hinged at one end and the 
other end is mipported by a graduated ann which pawea under the 
board and on which it may be swung out and clamped at an angle 
equal to the local magnetic declination; or (6) the magnetic meridian 
ie marked on the map and the board is oriented by placing the 
edge of a box compaas against thia line and turning the board until 
the needle stands at the north and south points on the circle. The 
orientation is efiected more accurately and conveniently by the use 
of a special alidade devised by L. C. Graton and differing from the 
ordinary alidade in having a compass box, similar to the one ordi- 
narily attached to the plane table, set on the base, the sights folding 
down on one dde of the box. The edge of this alidade is placed on 
the line marking the magnetic meridian and the board is turaed 
until the needle rests at the zero points. The alidade is then used 
as the ordinary instrument. The advantages of this modification 
ace that greater accuracy is secured by having a longer edge for 
adjustment to the meridian line than when the compos ia used, and 
that time is saved by having one less instrument to handle. After 
the board is oriented two or more points which lie within the mapped 
area and -which can be identified on the map are selected. Sights 
are taken to these points and the intersection of the lines fixes the 
point at which the instrument is aet up. 



1. A convenient method of recording obeervations under special 
conditions has been devised by M. R. Campbell and used extensively 
in the Eastern and Central coal fields. The conditions for its use 
are (a) approximately horizontal bedding — dips lees than 5° — and (6) 
a good topographic base map with numerous determined elevations. 
It is particularly useful where the strata consist of similar beds fre- 
quently repeated and poor in foasils, »o that the exact stratigraphic 
position of a particular bed can not be determined by infection 
alone, and where in addidon the rocks are not well exposed. The 
method consists essentially in constructing a continuous sketch- 
profile section for all routes traversed, the geologic data beii^[ placed 
directly upon this profile by graphic conventions or, if written, re- 

2. A notebook having pages 7) by 10 inches, with quadrille ruling 
to sixths of an inch (Form 9-889), is used. A convenient vertical 
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icale is selected — eay 120 feet to the inch, or 20 feet to each square 
of the ruled page. No attranpt is made to preserve uniformity in 
borizoDtal scale. 

3. The following is the procedure. B^n at a point certainly 
identifiable on the map, as a crosBroads or stream croaeing. Place a 
leference on the map consisting oF the number of the notebook page 
used (numbers of left-hand ps^es are used for both loft and right) 
and a letter indicating the number of the station — e. g., 6a. Place 
the same letter at a point on the left-hand margin of the page in such 
a position that the highest point on the profile drawn to the scale 
selected will come below the upper edge of the page. The altitude 
of the etarting point — determined directly from the map or from 
the aneroid previously set at the nearest bench mark — determines 
the position of the point between rulings and also the altitudes rep' 
resented by the rulings adjacent, several of which should be marked 
on the margin of the page. For example, if the elevation of the 
startii^ point is 868 feet, the ruling below it will be marked 860, the 
one above S80, etc. Proceed from the starting point along any 
route which can be identified on the map as a road or trail to the 
first decided change in slope, notii^ elevations of outcrops and con- 
tacts and of the second station. Plot the profile to this point, using 
the v^ical scale selected and indicating by appropriate symbols 
and at their proper altitudes all expoeuree and contacts seen. Sym- 
bols for shale, sandstone, conglomerate, Umeatone, coal, etc., should 
be carefully selected and used consistently. Proceed to the next 
decided change in slope and plot the profile and outcrops as before. 
When a second point is reached which can be certainly identified 
on the map, place a new reference on the map at that point and a 
corresponding letter on the profile. In case the aneroid does not 
give sufficiently accurate results it should be supplemented by the 
hand level. 

4. As the work progresses, the positions of various outcrops of 
beds which have been recognized at several places should be con- 
nected, and these connecting lines will indicate the direction of 
dip and of structure axes, though of course on a very much exag- 
gerated scale. They will also indicate the approximate position of 
important horizons, as formation boundaries and coal beds, which 
may be so nearly concealed that they would otherwise be overlooked , 
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5. As a final result the method yields a complete network of inter- 
aecting profiles which enable the geologist to identify with certainty 
particular beds or horizons which have not eufficiently well marked 
chaiacterifltica for identification by ordinary moans, 

6. The profile notes require special treatment in the office to 
deduce from them the true Btructure, underground contours, and 
exact location of boundaries, but this matter need not be discuaeed 
here. In addition to the data ahown graphically on the profile there 
should always be supplementary written notes, describing litho- 
logic character, nature of contacts, economic materials, etc. These 
notes are placed on any unused portion of the page and connected 
with the profile by reference numbers. At the same time that the 
profilee are being constructed, formation boundaries, bo far as they 
can be determined, should be placed on the map as when oHier 
methods are used. 

' Land-Olassification Snrreya. 

1. In regions which have been subdivided by the public-land 
system but not surveyed topographically or, if surveyed, in which 
land lines are not accurately shown on the topc^raphic map, it may 
be necessary to make a combined geologic and topographic survey — 
particularly for the purpose of classifying the public lands as mineral 
and noumineral. In such surveys the one absolutely essential con- 
dition is that both topography and geology shall be tied la the land 
lines and mapped in their proper relations to the land subdivisionfi. 
To comply with this essential condition a sufficiently large propor- 
tion of the land comers must be actually found to give the necessary 
control — to enable the geolt^ist to say with assurance in what town- 
ship, section, and forty any point on the ground is located. Such 
Burveys therefore differ from the ordinary combined topographic 
and geologic surveys described on the foregoing pages in having a 
fixed horizontal control abeady established on the ground. 

2. All available information which will be of assistance in locating 
corners and adding horizontal and vertical control should be in hand 
before beginning work on any township. Much of this information 
can often be procured by correspondence before taking the field and 
later supplemented by personal visits to local land offices, county 
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sTiTveyor'B offices, etc. The most important ia derived from (a) town- 
Bbip plats and field notes of the original land mirveya, front the 
General Land Office, aleo brief descriptions of comers from records 
of survoyoTS-general; (b) maps and profiles of siu^eys for railroads, 
reservoirs, canals, pipelines, etc.,obtaLnedfrom the filesof the Land 
Office and Beclamation Service or from railroad engineers; (c) county 
road maps, town plats, claim maps, private ranch maps, etc., which 
can usually be obtained from the county survejror'B office. 

3. After a Government comer on the township to be surveyed 
has been found and identified, additional comers sufficient to estab- 
lish control must be found. The method of marking comers given 
in the General Land Office "Manual of surveying," which can be 
secured from that Office, should be thoroughly famUiar to everyone 
working in a region of public-land surveys. 

4, In a thinly settled region the best method of finding comers is 
by traversing the township and section lines. If accurate sights are 
taken with the compass on a Jacob's staS or with the plane-table 
alidade and care is taken in pacing, the radius of the circle within 
which the next comer must be sought is so reduced that if a comer 
was ever established in a proper marmor the chances of finding it are 
good. Other methods of locating the point on the ground where the 
comer ought to be found may be used, as by triangulation with 
plane table or by meander traverse, but these require more skill 
than section-line traverses and should be used only in exceptionally 
rough country or where the corners are conspicuously marked. 
Valuable information relative to the status of land comers in a given 
district can frequently be obtained from county surveyors. 

6. The greater part of the topographic sketching and determin*. 
tion of geologic boundaries and structure can be done from the trav. 
ersea required in the location of comers, but additional locations 
of important topt^raphic and geologic features should be made by 
traverse or intersection. Roads, trails, and streams can generally 
be sketched with sufficient accuracy from section lines, but if not, 
they should be traversed. It should be remembered that the unit 
of land classification is the sixteenth of a section — that is, a 40-acre 
tract; it will therefore generally be essential in coal-land surveys 
to traverse the principal coal outcrops and prospect them wherever 
necessary to determine their thickness. 
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6. Blank township plata ahould be used for all graphic notea, 
preferably thoee on the scale of 2 inches to the mUe, though Vmlf of 
this scale may be used if the geologist poeeesees the necessary diafting 
skill. The plats may be folded for use in a notebook or fastened 
on a plane table. The blank plats are ruled to correspond to a theo- 
retically perfect township, and do not provide for the irr^ularitiea 
made necessary by the adjuatment of actual Burveys along township 
exteriors and between surveys made at different timee. These 
irregularities can be obtained from the original Land Office plats, 
a copy of which should be in hand, and should appear on the com- 
pleted plat; otherwise both topography and geology will be dis- 
torted. Care should be exercised to see that the work done by 
different men is connected, any lack of perfect ctHreapondence in 
topography or geology between townships or portions of townships 
being always adjusted before leaving the field. 

7. As in other kinds of surveys, special conditions will be met 
that will require more refined methods than those outlined above, 
as the stadia for making horizontal locations and the level for vertical 
control. The work then becomes primardy topographic .and need 
not be coneidered here. 

8. In some cases it may be impossible to find any corners in one 
or several adjoining townships, either because they were not properly 
marked or for other reasons. The lands in such townships can not 
be finally classified until they have been resubdivided. While 
it may sometimes be necessary to continue work in them in order 
to trace formations, the necessity for subsequent adjustment of tho 
geology and topography to the land lines should be kept in mind. 

9. Each township plat as completed in the field should show 
(a) legal designation; (b) name of the person or persons who did the 
work and the part for which each is responsible; (c) inclusive dates 
and number of days spent by each person; (d) magnetic declination 
to nearest degree; (e) by legend, all distinctive symbols used, con- 
tour interval, and geologic formations in proper sequence; {/) relief 
by means of contours; {g) drainage, peremual and intermittent, 
lakes, swamps, irrigation ditches, and playas; (h) culture — railroads, 
roads, trade, houses, etc.; (i) geologic boundaries, which must be 
put in carefully with hard pencil and then inked; (j) coal outcrops, 
shown by a continuous heavy inked line where seen and by a broken 
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line where inferred; (it) all found comers (by special symbol) and 
all linee traversed; (I) location of lines along nhicb profiles were 
made; (m) reference numbers to notebook for indicating location 
of observations recorded in written notes, specimenB, fossil local- 
ities, etc. 

Mine SuTTejB. 

1. In the study of an ore deposit the first essential ia to procure a 
mapof the undei^round workings. If amine map has been made, the 
officers oi the company will nearly always permit the geologist to 
make a tracing. This may be done on tracing linen, but where the 
study is incident to other work and the geologist is not equipped 
with such drawing material, tissue paper may be used, or even, if this 
is not at hand, ordinary wrapping paper, the miae map being pinned 
below the paper and traced on a windowpane or abow case. It will 
frequently be convenient to reduce the mine maps by pantagraph 
or a slower method of squares. If there is no map available the 
geologist should make a traverse survey on a suitable scale, say 50 or 
100 feet to the inch. The ordinary notebook with coordinate ruling 
spaced ten lines to the inch is very convenient, and tbe method will 
be a modification of the notebook traverse already described. If 
there is a loi^, crooked adit driven through barren ground to the ore 
body it may not be necessary to survey all of it, but the survey should 
then be connected with tbe surface through some air shaft or other 
opening. 

2. The Brunton compass Is best adapted to underground work, but 
theGurleyor any other compass without a mirror may be used. Satis- 
factory results may bo bad when tbe compass is held in the hand, but a 
traverse plane table will be found useful in mines where there are not 
toomanyabandoned ladders to climb. It frequently happens that the 
geologist must explore a mine without an assistant or companion. In 
this case he will find it convenient to save tbe ends of his candles to 
use as station signals. 

3. In making a traverse survey of a mine, the geolc^iet enters the 
tunnel or other opening and paces as far as be can go and still see 
daylight. He thenaighta back to daylight and with a protractor plots 
his course in a notebook. He leaves a lighted candle at this point 
and then paces as far as he can go and still sec tbe candle. The 
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second couree is plotted in the notebook, joining the course from day- 
light to the firet candle. This is repeated until the entire level is 
mapped, the stations being placed wherever there is a turn suffident 
to obscure the light in the portion already surveyed. The other 
levels are worked out in a eimilar manner.. Shafts, raises, and 
Tfinzea that connect the different levels should be properly located, 
for by means of these the position of the workings above or below the 
levels being surveyed is ascertained. The vertical distance between 
the levels is obtained by counting the rounds of vertical ladders or by 
Bounding with a tape or cord. It is difficult to represent irregular 
Btopes with precise accuracy, but it is not usually necessary. It is 
sometimes unnecessary to mapall portionaof the mine, but the work- 
ings in the vicinity of the ore bodies should always be plotted. Even 
those who have had long asperience underground can not hold dis- 
tances and position in the mind with sufficient accuracy to write a 
satisfactory description. At critical places greater accuracy may be 
desired and a tape should be used instead of pacing When an 
aasistant is not available the geologist should be provided with a few 
small nails for securing one end of the tape 

4. In the study of contact-metamorphic depoBits it frequently 
happens that there is a local attraction of the needle due to the 
presence of magnetic iron. Under such conditions sufficiently 
accurate work may he done with the plane table and alidade (or with 
the Gurley compass, used aa an alidade) as follows: Set up the plane 
table at the portal of the adit and orient it by sighting to some known 
point; then pace the adit as far as possible without losii^ sight of the 
plane table and at this point place a lighted candle; then go back to 
the table, sight at the candle and measure o3 the distance on a suit- 
able scale; stick a needle in the board at this point, which is the 
location of the candle on the paper; also stick a needle in the board 
at the initial point, which represents the position of the plane table; 
on the ground , mark the position of the center of the table and remove 
it to the place where the candle was stationed. Place the edge of the 
alidade against the two needles and orient the table by revolvii^ the 
top until the sights are in line with the marker at the initial point. 
Mark a third station by a candle, then sight to and locate it. In this 
manner the survey of the level is carried to its completion, the 
orientation being obtained by backsightB to a candle at the station 
leet occupied. If the opening is a shaft instead of an adit, the poei- 
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tiona of the shaft timbers may be accurately located and the connect- 
ing line used ae a base line . If the shaft is far out erf plumb and there 
is only one opening, two weights may be swung in the shaft and a 
line connecting them used as a base. These methods have an addi- 
tional advantage for the geologist who is doing surface work with the 
plane table and pocket alidade and who wishes to make aa under- 
ground survey of approximate accuracy without a compaes or pro- 

5. Thegeol(%yisplottedon the level maps )ust as it would be done 
on the Burhice, and the vertical wotkii^ are studied as br as possible. 
It is convenient to use colored pencils for the diSerent formations. 
The ore which remains is usually indicated by a red color, filled in 
solid. Cross linii^ in the same color is used for ore which has been 
sloped out. If the value of the ore in different places in the lode is 
known, this also is noted on the map, with any data concerning the 
character and position of the minerals which compose the ore. Every 
fissure, fault, or slickensided surface should be plotted on the level 
map and the ai^le and direction of dip should be noted. Conspicu- 
ous jointing or bedding planes should also be recorded. As far as 
possible all the data should be recorded on the map, for this saves 
time when working on notes and collections. References, either 
letters or numbers, should be used to give the exact location of 
observations more fully recorded in the notebook. 

6. The wall rock should be studied carefully and numerous speci- 
mens collected. The minerals formed should be noted, for it often 
happens that the chemical composition of the solutions that deposited 
the ore and the physical conditions under which it was deposited 
may be ascertained by such study. For the purpose of comparison 

-it is advisable to collect specimens of the fresh country rock some dis- 
tance away from tlie lode. 

7. After the level maps are completed and before the geologist 
leaves the camp he should draw bis cross sections through the mine. 
These should be selected to show as much as possible of the geoic^c 
structure and the relations of the ore bodies to the structure. Aft«r 
this has been done It is a useful practice to summarize briefly the 
geologic history of the area, with special reference to the deposition 
of the ore. This should be done before leaving the field, so tMt the 
mine may be revisited if necessary. A few hours' work in the even- 

44014-08 5 ^S'*-' 
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ii^, when the mind is on tte problem and the observationfl are fresh, 
may be worth more than a week 'a work in the office. It ie not always 
poaeible to fonn definite conduBions respecting the source of the solu- 
tions which deposited the ore, and this ie especially true for minor 
occurrences of ore in a country not extensively developed. State- 
ments of observed facts should be kept free from speculationa regard- 
ingithe genesis of the ore, though the evidence bearing on the latter 
problem may be summarized in the field with advantage. Some 
si^geetions are given in connection with the schedule on p^;g 125, 
which may quicken the observation of the field geologist not familiar 
with this kind of work. 

O^llections. 

1. PuTpoae. — The law creating the Survey provides that all collec- 
tions of the Survey, "when no longer needed for invest^tione in 
progress, shall be deposited in the National Museum." This pro- 
vision was plainly intended to avoid the building up of a great per- 
manent collection, which would duplicate in large degree the geo- 
logic collections of the Museum, and also to insure the preservation of 
collections illustrating the formations and resources of areas studied 
by the Survey, as described in official reports. It further serves to 
secure to the Museum all duplicate material for its special needs. 
Geolc^ists should recognize the importance of improving their oppor- 
tunities for making valuable collections of rocks, minerals, ores, and 
fossils, not only for their immediate use in the preparation of reports, 
but for the building up of the collections in the National Museum, 
which are available for ali comparative special studies. 

The provision of law that all collections of the Survey belong ulti- 
mately to the National Museum naturally prohibits members of the 
Survey from making collections for other persons, or for institutions. 
Geoli^iats, however, are permitted to retain working specimens for 
themselves, provided such collections are made during the prc^oas 
of their work and in such manner as not to affect the value of the 
Government collections. It is a recc^ized function of the National 
Museum to distribute specimens from its stock of exchange or dupli- 
cate material to institutions or individual specialists on request; 
hence the geologist, by collecting abundant duplicate specimens of 
specially interesting objects, can supply, through the Museum, the 
wants of either individuals oi ' 
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2. NuTaberitig and Uibeling.—The Bpecimene of a collection can 
have no permanent value unless an accurate record of locality and 
impcatant facts of occurrence ia made and connected with the speci- 
mens by means of numbers and labels. The expenditure of time 
and money required to make a collection and install it in the office 
is so great that carelMsnees or lack of eyetem tending to impair the 
value of the collection can not be tolerated. Every collector is ex- 
pected to use some efficient system of labeling. 

The specimens of eoch collection, pertaining to an excursion, a 
quadrangle, a district, or a given investigation, should be numbered 
in one consecutive series. It is a good plan to take a letter distinctive 
of each area and use it as a prefix or suffix to the numbers— for 
example, Dl, 2D, etc. Different members of a party should be 
assigned difierent sets of numbers — for example, A might use 1 1« 100, 
B 101 to 200, etc. As specimens and labels may become separated 
by various accidents, it is essential that the number be placed on the 
specimen when collected or as soon as possible, and also entered on 
the map and iii notes as elsewhere provided. Small DeoDison 
pasters can be easily carried in an envelope and used when each 
specimen is taken. If properly put on they seldom crack off. By 
tbe use of pen and indelible ink more permanent figures can be made. 
Do not disfigure specimens by unnecessarily large pasters or numbers. 
Neatness goes with proper care. 

The label should be a precise statement of locality, collector, date, 
notebook reference, and perhaps other desirable memoranda. It 
should be comprehensible to anyone. If symbols and abbrevia- 
tions ore used in field labels, their explanation should be written out 
when the collection is unpacked at the office. A procedure which 
saves time in the end is to keep in each notebook a catalogue of 
specimens so carefully worded as ») locality that typewritten labels 
can be made directly from it. 

A locality should not be described on a label by reference to places 
or features not shown on the topographic mE^, such as a camp site, 
or to the point at which some other specimen was collected; the 
latter information is, however, often desirable as an appended ex- 
planatory memorandum. Where there is a scarcity of geographic 
names, it is well to fix the locality on the label by stating with reason- 
able accuracy the distance and direction from some well-defined 
point, as measured on the map. 
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Full details of occurrence can not be given one, label, but signif- 
icant data which can be concisely stated should be|added when thera 
is room, for example, "From center of dike 16 feet wide," or "Upper 
contact zone, 3 inches wide, of large sill; see No. — from center." 

3. Collection ofrtxis. — Rock specimeiiB which are ti> be retained 
is permanent collections (referred to on pa^ 66) should be reason- 
ably unifonn in size and shafie. They should approximate 3 by 
4 inches in larger dimensions, and be, if possible, less than 1 inch 
thick. In order that material for extra thin sections or for chem- 
ical work may be available for future needs, specimens should not 
be trimmed too closely. Size and shape are both aubordinate to the 
satisfactory representation of rock characters. The skill necesaaiy 
to procure well-ahaped specimens of masaive rock may be acquired 
in a short time and should be poesesBed by every geologist. Collec- 
tions composed of too large or too small, unsightly, and incon- 
veniently shaped specimens are justified only by unusual field 
conditions. 

Specimens should present fresh, clean fracture faces, as free as 
possible from hammer bruises, and care should be taken to avoid 
staining the specimen throu^ moisture of the hand or in other ways. 

Where there are numerous occurrences of a given rock type, the 
geologist may often wish to collect working specimens to check his 
field determinations, and these may be of less than the regulation 
size, but care should be taken that all important rocks are repre- 
sented by full-sized specimens. 

It is often desirable to collect specimens for exhibition in the 
Kational Museum, and such specimens ahould, so far as practicable, 
have the size and shape beat suited to a representation of the note- 
worthy features. 

Rock chips suitable for thin sections should be inclosed in small 
envelopes provided for the purpose, and each envelope should be 
toarked with the serial number of the corresponding hand specimen. 
Geologists wishing many thin sections made are directed to eend 
their chips by small shipments — say 25, 50, or 100 at a time— from 
the field as soon as the material ia collected, instead of waiting until 
they return to Washington at the end of the field season. 

Requests for thin sections should be restricted to the actual needs 
of the work. A small number of carefully chosen chips may be 
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expected to yield more information than Beveral times the number 

taken at random with little thought of what they represent. The 
cost of making them — about 45 cente each — will be chafed to the 
allotment for the work to which they pertain. In case the need for 
thin BectionB proves to be much greater than is provided for by allot- 
ment, a revised estimate shonld be made as early as possible, that 
funds may be assigned for the increase. 

It is particularly desirable that rocks submitted for quantitative 
chemical analysis should be represented in the collectioa by abun- 
dant material. Geologists are u^ed to consider whUe in the field the 
possible need for chemical work, in order that the sample submitted 
for analysis may be truly representative and that there may be on 
hand several duplicates of such thoroi^hly investigated rocks. At 
least one representative specimen of each rock analyzed will be re- 
quired for the petrographic reference collection. 

Where specimens are being collected for complete petrc^raphic 
study of an area,, a large number illustrating oil phases of composition 
and texture will be required. Thus in a transition zone, either of 
primary origin or marking alteration, it is usually desirable to collect 
a suite of specimens illustratii^ the transition. DiSerent numbers 
should be assigned to difierent phases. From dikes specimens should 
be collected from the center, the border, and the contact with in- 
closing rocks — as many as are necessary to show all phases of texture 
present. From sills and sheets there should be specimens from the 
center and both upper and lower portions and from the contact rocks. 

In localities which illustrate the gradual transition of one rock 
into another spries should be coUected showing various stages of the 
change for chemical and microscopic study. 

Bach hand specimen should be wrapped separately, either in 
paper bi^ or in wrapping or news paper, so that two or more thick- 
nesses will inclose the specimen on every side. Pebbles, sand, 
earthy materials, alteration products, etc., should be collected in 
cloth or paper bags. After a specimen is wrapped it is well to place 
the number on the package, for convenience when unpacking the 
collection. 

4. Collection of mineralt, — The geologist should not neglect oppor- 
tunities to collect new, rare, or flnely developed minerals, even if 
they have no important bearing on his work. If the collectii^ in- 
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volvee much time, he diould obtain a few Tepresentative specimeos, 
making notfie of occuirence and locality, which will be useful to 
the apecialist who may wish to obtain further material. 

No general rule for the size and ebape of mineral specimena can be 
given. They should represent the best development oi the speciee 
found, their aaBOciations, and the manner of occurrence. Forticuhtr 
care in packing mineral specimens is necesory in order that the time 
spent in collecting them may not be wasted. 

Specimens which illustrate the alteration of any mineral, per- 
mitting the study of the process of transformation, are of special 
interest, particularly if they are pseudomorphs. 

5. Collectum of ore specim«ng.^-ln the examination of a mine or 
mining district specimens should be collected to represent oil the 
varying phenomena of the ore deposits from the points of view of 
mineralogicol composition, genesis, and structural relations. Col- 
lections representing country rocks gathered durii^ the areal survey 
of a mining district should be made according to the rules already 
given for rock collections, but the uniformity of size there desired 
can naturally not be expected to prevail with regard to speciokene 
of ore or minerals. 

Collections of specimens illustrating ore deposits will be mode 
with two objects in view — (a) for a workii^ collection for purposes 
of study in the office or laboratory; (b) for a type collection to be 
deposited after the study is completed ia the National Museum, or 
in the reference collection of the Survey. 

For a working collection a full suite oi specimens of ores, gangues, 
and wall rocks should be obtained, suiiicient to furnish material for 
a thorough microscopic, chemical, and mineral<^cal study of the 
deposits under examination. In these specimens uniformity of size 
and stiape is not so essential, but they should be large enough to show 
the phenomena or relations thoy are deeigned to illustrate. When 
intended for complete chemical analysis there should be at least 3 or 
4 pounds of maierial. For microscopic examination it is well to 
break off, in the field, thin chips of appropriate size which will show 
the phenomena to be studied. 

For the Museum or reference collection type specimens should be 
chosen which illustrate as clearly as possible the important and 
characteristic phenomena of the deposits, such as the original condi- 

t:ooxic 
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tion of deposition and the reaulta of oxidation or altaration and of 
secondary enrichineiit. In preparing Iheee specimens more care 
should be taken U) approach uniformity in size and shape. A size 
of 4 by 5 inches with a thickness of not over 2 inches is preferablei 
but larger specimens may be necessary to illustrate features of min- 
eral aHBociation, structure, or relation to wall rock. 

For specimena illustrating Btruclure or manner of deposition it is 
important that it ahou]d be possible to orient their original poffllion 
in the deposite. This may be done by putting a red spot on the 
upper part of the specimen and an arrow, in indelible ink, on its side 
to indicate the meridian. 

Care should always be taken to avoid bruising or soiling the faces 
of specimens during the collection. The specimens should be num- 
bered with indelible ink at the time of collection and should be duly 
described by notes made as soon thereafter as practicable. It is 
well to assign a letter or letters to a given district and to mark each 
specimen with that letter and the consecutive number as collected. 

6. Collection of road TnaUrials. — Arrangeinenla have been made for 
cooperation between the Survey and the Office of Public Roads of 
• the Department of Agriculture, in the study uf road materials. An 
important part of this cooperation is the collection of samples for 
testing. 

The samples should be sufficient in number to represent fairly the 
road materials of the area surveyed, including deposits having not 
less than 2(H), 000 cubic yards, and each one should represent the 
average of the particular deposit sampled. Each sample should 
weigh not less than 30 pounds. The pieces, in case of rock, should 
pass through a 3-inch and over a Ij-inch mesh, except one piece 
about 3 by 4 by 6 inches. They need not be wrapped separately. 
If a compression test is desired by the geoli^st a piece sufficiently 
large to cut three 2-inch cubes should be included. 

Suitable addressed shippii^ blanks and tags will be furnished. 
Shipment should be made in canvas or burlap bags by freight, 
chaises collect, and all samples from one locality should be included 
in a single shipment. 

The Office of Public Roads will make physical tests and micro- 
scopic examinations, including specific gravity, absorption, hard- 
ness, toughness, cementing value, and mineralogical composition. 
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T. Collection of coal mmpleg. — In ex&miniiig a coal field for the 
purpose of classifying the public landa or of determining the value of 
the coal for comniercial purposee, it is essential that samples 
should be procured for chemical analysis. In general, the more 
important coal beds should receive the moat attention, bnt it is desir- 
able that all coals having a workable thickneBS should be sampled. 

If the geoli^iat is working a field in which there are few or no 
mines, it will be necessary to procure samples from prospect pits or 
natural exposures, but care should be taken t« avoid sampling 
weathered coal unless it is impossible to obtain fresh material and tte 
field is BO important and little known that even the poor results to be 
obtained fiom weathered coal are esaential. 

In every field samples should be taken from all the commercial 
mines, and it is generally desirable to take more than one sample in a 
mine, especially where there are variations in the coal bed as a 
whole, in the various benches, or in difierent beds worked in the 
same mine. Strict compliance with the followu^ rules is required 
in sampling mines: ' 

(a) Never accept weathered coal, but select a fresh face of coal at 
the point where the sample is to be obtained, and clean it of all 
powder stains and other im.purities. 

(b) Spread a piece of waterproof cloth upon the floor so as to catch 
the particles of coal as they are cut and to keep out impuritiea and 
exceeeive moisture where the floor is wet. Such a cloth should be 
about li by 2 yards in size and spread so as to catch all the material 
cut down. 

(c) Out a channel perpendicularly across the face of the coal bed 
from roof to floor, with the exceptions noted in part^raph (d) and of 
Buch a size as to yield at least 5 pounds of coal per foot of thickness of 
coal bed; that is, 5 pounds for a bed 1 foot thick, 10 pounds for a bed 
2 feet thick, 20 pounds for a bed 4 feet thick, etc. 

(d) Include in the sample all material encountered in the cut, 
except partings or binders more than three-e^hths of an inch in 
thickness and lenses or concretions of sulphur or other impurities 
greater than 2 inches in maximum diameter and one-half inch in 
thickness. Care should be exercised to keep the groove of uniform 
size throughout without r^^rd to the material encountered. 

(e) If the sample is wet take it out of the mihe and dry it until all 
sensible moisture has been driven oS. i 
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(/) If the coal ia not vieibly moist, pulverize and quarter it down 
inside the mine, to avoid chai^a in moiature, which take place 
rapidly wlien flue coal ie exposed to different atmoepheric conditiotis. 
Pulverize the coal until it will pase through a sieve with ona-half inch 
meah, and mix it thoroughly bo that the larger particlea are evenly 
distributed throughout the maae. After mixing divide the eample 
into quarters and reject oppoaite quarters. Repeat the operation of 
mixing and quarteriiig until a sample of desired size is obtained. 
When the work haa been properly done, a quart sample ia sufficient 
for chemical analyais. Seal the sample in either a glass jar or a 
screw-top can, with adhesive tape over the joint. 

(g) The analysis of such a aample will show the grade of coal that 
may be obtained by careful mining and picking. Generally the 
aulphnr and ash in the commercial output of the mine will exceed the 
amount shown by the analysis, but the commercial composition can 
be approximated by multiplying the analytical reaulta by the 
empirical coefficients l.Ofl for sulphur and 1.29 for aah. 

(A) Accompany each sample by a complete deacription, stating 
where and how the sample waa obtained and what it represents. 

(i) In publishing analyses give full deacriptione, as noted above, 
together with the name of the collector, date of collection , name of 
luial}^, and treatment of sample after it was collected. 

Stock sampling: As a rule mine aampling will be autiicienl to 
determine the quality of the coal, but in certain cases it may be desir- 
able For the geologist to sample atock pilea or even coal in bins and 
railroad cara. Thia ia extremely unsatisfactory and »o regulations 
can be given which will insure representative samples. If a stock 
pile of several hundred tons ia to be sampled, the geologist should 
take at leaat four large aamplea averaging not less than 100 poiuids 
each. The sample should be taken from various points on the stock 
pile, and care should be eierciaed to include in it the various kinds 
of coal present — that is. lump, ^g. nut, slack, etc. In obtaining 
these samples it is desirable to turn over as much of the coal aa poa- 
aible, taking an occasional shovelful during the process and being 
cm^ful to include in the part taken a sufficient number of lumpa to 
get representative coal. Each sample should be pulverized and 
quartered down according to the rules for mine samplii^. and either 
the resultant samples should be sent to the laboratory ^parately 
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or the four amall eamplea ahould b« combined, thoroughly mixed, 
and quartered down. In undertaking to aample coal in railroad ctm 
and bins the geolt^at will experience considerable difficulty in pro- 
curing a representative sample, and no way so far devised has suc- 
ceeded in accomplishing this purpose. It is possible, however, to 
proctue fair samples of a carload uf coal provided they are taken as 
the car is loaded, the sampler standing in the car and taking a 
shovelful at stated intervals as the coal is being dumped into the car. 
being careful lo include in each sample all kinds of coal delivered. 

Labeling: Sample cans for coal will be furnished on request. 
These cans will beat aerial numbers on the bottoms by which they 
may be identified. The cane when isetied in connection with land- 
claasilication surveys will be charged against the geolt^ist ordering 
them, and the chief chemist of the technolt^c branch will be in* 
formed of the numbers issued to each party chief. Blank forms for 
sending data to the chemical laboratory should be provided and also 
franked wrappers for ineloeii^ the cans. These blanks will be sup- 
plied by the technologic branch. Any can which does not contain 
an adequate label will be thrown out. 

Samples for other than chemical purposes: In addition to collect- 
ing samples for chemical analysis, it is desirable to have in the Sur^ 
vey for purpoflea tor exhibition and study a large number of coal sam- 
ples, especially from the Western field, which contains all kinds of 
coal from lignite to anthracite. Therefore, wherever practicable 
samples should be procured for this purpose. Each sample should 
be of such a she as to fill two of the ordinary sampling cans and no 
fine coal should be included. The lumps should be carefully selected 
so as to get representative coal, but at the same time so as not to 
include any foreign material unless it is so intimately associated 
with the coal as not to be separable. The cans containing these 
samples should be sealed and labeled in the same manner as those 
containing samples for chemical analysis, and Ihey should be sent 
to the office along with other collections. 

8. Collections o/foigili.— It frequently happens that the conditions 
under which geolc^c work is done render it impossible for the geolo- 
gist 10 make full and satisfactory collections of fossils. In such 
cases, especially when dealing with formations not generally fossil- 
iferous, a record of the localities at which fossils are discovered 
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should be made with sufficient care ao that they can be found sub- 
sequently without difficulty. The record ahould contain, in addi- 
tion Co full topographic description and map reference, a statement 
of the tithologic character of the beda, the chaiacter of the foesila — 
whether vertebrates, in vertebrates . or plants — their abundance, . 
their state of preservation, and all conditions aRecting their collec- 
tion. This record mu*[ be transmitted promptly to the chief geolo- 
gJBt and to no one eUe, 

In coUectii^ fossils there are reasons in addition to those above 
given for gathering abundant material. For the purpose of detei- 
mining the exact geologic horizon of a bed it is important to have 
as many species ae possible and lo have each species represented by 
recognizable examples. These two ideas should be in mind when 
selecting specimens where transportation farUitiea are limited, as in 
recoimaiBaance wco-k. In more detailed work, even where the for- 
mations are well known and their limits rect^jiized, full collections 
should he made from every foseiliierous horizon of measured sections 
so far as practicable. The data thus obtained as to the geographic 
distrihution and stratigrapbic range of species make future determi- 
nations and correktioD of horizons increasingly more accuial«. 

All specimens taken from one bed in one locality, though repre- 
senting many species, should be given the same number and label. 

As indicated in a previous section, great care should be taken in 
recording on the map and in the notebook the locality an^ horizon 
where fossils are found. As a rule, fossils collected from different 
beds, even if only a few feet apart, should have distinctive labels, 
and specimens found on talus slopes or in bowlders should be kept 
separate from those found in place. When collections from di^nct 
horizons are mixed, the fossils themselves will usually indicate that 
fact; but it will often be necessary to revisit the locality for exact 
data as to stratigraphy and structure that might have been obtained 
in the first place if the collections had been more carefully made. 
Wherever possible, a sketch section should be made in the notebook 
and the exact horizons at which fossils were collected should be 
indicated. 

Plants: In collecting fossil plants perfect specimens should be 
sought for; but fragments that illustrate essential or important char- 
acters should also be taken— such as Ihe tip of a leaf, a petiole with 
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tTfmxt of the leaf attitcbed, a good, perfect baae of a leaf, (r a mU- 
preaerved portion of the margin. By the comparison of a good series 
of such fiagmenta, if these are all that can be procured, a satisfactory 
idea of tlie form. size, and character of the leaf may usually be 
obtained. In collecting from Meaozoic or Tertiary fonnatione a 
fragment of bark, a leaf with no part of the maigin preserved, or a 
maseof leaves without form can usually be discarded at once. Occa- 
sionally it is of course desirable to take anything in the nature ot 
plant remains, for a few seemingly worthless fn^menta obtained at 
a horizon where plants are rarely found may often be of mora interest 
than a full collection from a well-known locality ot horizon. In any 
case it is desirable that the collector spend sufficient time to insure 
a full or at least a fair representation of the flora at each locality. 

In collecting fema the most valuable specimena are those found in 
fruit, and nothing, no matter how frag:mentary, that shows the slight- 
eet tendency to be fruit bearing should be discarded. As ferns and 
conifers can usually be determined on smaller fskgmenta than will 
suffice for dicotyledons, such fragments need not be discarded if 
no better ones are available. Both these claaaee of vegetation are 
valuable and should be procured whenever possible. Ft^mentary 
impreesione of stems and branches, detached leaves of conifers, 
lignitized wood, etc., are usually of little dit^nostic value, and may 
generally be rejected, except in the case of Paleozoic plants, when 
great care should be given to the collection of impreesionB of the 
outer bark, which is especially essential to the specific determination 
of such groups as the Lepidodendree and Sigillarieee. 

When specimens are accidentally broken all the parts should be 
saved and kept together if possible. Counterparts or reverse impree- 
sionB should be carefully preserved and also kept together. 

Invertebrates: In collecting invertebrate fossils it should be 
remembered that the important features for their determination are 
form, externa! sculpture, and internal structure. Complete speci- 
mens should therefore be obtained if possible, or if the fossils are 
broken all the pieces should be saved and carefully packed, tt^ther 
with a label indicating that they are parts of one individual. 

Imperfect specimens that show internal structure or other impor- 
tant features should be collected even if perfect examples of the 
same species are obtained. Fossils preserved as internal casts are 
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often more instructive tb»a perfect Bpedmene, but in such cases the 
adjacent matrix showing the imprint of the exterior Bhould also be 
carefully collected and kept with the cast to which it belongs. 
When foeaile are distorted by pressure larger collections are needed 
to assist in estimating the amount of distortion and thus making the 
determination more certain. 

Vertebrates: In collecting vertebrate fossils it is of the greatest 
importance to keep the bones of each animftl by themselves, sepa- 
rated from all others, and to save all the pieces, however small. 
Collect carefully all the loose bones and fragmeats on the surface or 
covered with earth, before beginning to dig out the skeleton. 

Never remove all the rock from the skull, foot, or other delicate 
specimen. The more valuable the fossil the more rock should be 
left to protect it. 

When an entire foot is found, keep the bones of each toe together 
and separate from the rest; then the foot can be put together again 
with certainty. A complete foot is often more valuable than a skull. 

Get all the bones of every good specimen, though it may take 
much time to dig them out. The absence of a single toe bone may 
greatly lessen the value of the skeleton. 

When a rare bone can not be got out of the rock entire, it is impor- 
tant to measure its exact length on a piece of thick paper, and pack 
this, properly marked, with the piecee saved. A drawing of such a 
bone, however rude, may prove of value. 

Small specimens are often more valuable than larger ones, and 
should be carefully sought for when a good locality is found. Single 
bonee, if one end is periect, are worth saving. If freshly l»«ken, 
careful search should be made for all the pieces. 

Every fossil or fragment should be wrapped separately in paper, 
BOfflcient soft paper being used to prevent all danger of injury by 
rubbing. Cotton should be used in packing fragile specimens. 
Each lot that should be kept together, aM the fossils from one locality 
or the parts of an individual, should be put in a sack, or securely 
wrapped in strong manila paper, with a label inside and a tag or 
number outside. 

9. Packing. — Specimens of all kinds should be packed in small 
boxes so that they can be handled by one man. Each box should 
be entirely full, idl intersticeB being Med with soft paper, excelsior, 

t:ooxic 
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hay, or similar material, but not with sawdust. The top of the box 
should be planed and the directions marked with paint or ink. Bach 
box should be bound with wire or otherwise strengthened. Direc* 
tione for marking and shipping boxee of specimens are given in the 
Survey regulations. 

It ie frequently convenient to send small collections to the office 
by mail. They should be securely wrapped in strong paper and well 
tied. Packages sent by maU must not exceed 4 pounds in we^iht. 

10. Opening ofpaekagfi, — As soon as a box or packi^ of specimens 
is received at the office of the Survey a storage label will be attached 
to it, giving the serial storage number, date of arrivU, and coUect'^e 
name. All these items must be entered in the storage book. If 
boxes are delivered to the National Museum unopened that fact must 
also be entered in the storage book. A similar entry must be made 
if a packa^ is delivered to any pereon to be unpacked. 

Whoever opens a package of unnumbered specimens must at once 
attach firmly to each specimen, if of sufficient size, an adhesive label 
containing a number referring to the accompanying field label and 
to a full catalogue. 

Unnumbered specimens must not be placed in trays with loose 

11. Diipoml of colUeHom.— When a collection of fossils, minerals, 
01 ores has been received in ^^'ashington it should be disposed of by 
the geologist as follows: 

Fossils should be transmitted through the chief geologist to the pale- 
ontoli^ist in charge, with separate and complete lists of numbers, local- 
ities, and geolf^c horizons, when possible, of vertebrates, inverte- 
brates, and plants. In this letter oi transmittal it should be clearly 
at&ted what kind of a report is deeired by the geologist for his own 
use, if any^that is, whether he wishes determination of horizons only, 
lists of species, or discussion of faunas which may be quoted or men- 
tioned. Such material will be finally transferred to the Museum 
by the Director on recommendation of the paleontologist. Collec- 
tions of fossils made by a paleontologist and belonging to a geologic 
system other than the one he is chiefly engaged in studying must be 
transmitted to the paleontologist in charge as soon as possible, for 
reference to the proper specialist. They should be accompanied by 
full information regarding locality and stTatigraphic relations. 
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MineralB intended for the National Museum which it if not the 
intention of the geologist to describe himeelf will be officially trani- 
mitted by the Director, on the written request of the geolt^t. 

Collections of rocks are to be retained in the custody oi the geologist 
until no longer needed for study. It ia desired, however, that as soon 
as poasible after the publication of each complete work a thoroughly 
representative collection illustrating the investigation should be 
deposited in the National Museum. On the one hand care must be 
taken to have this collection include all specimens that will probably 
be needed for future reference, and, on the other hand, judgment 
must be need to make the collection sufficiently representative with- 
out cumbersame duplication. Where thin sections of rocks have 
been made, aset should accompany the museum specimens. Dupli- 
cate sections may be made to be retained by the geolc^st if desired . 

The geologist in charge of the section of petrology will be called 
on to approve the selection of each reserve collection of rocks before 
transmittal. He is also authorized to select rock specimens desired 
for the petrographic reference collection and to incorporate them in 
that collection at any time after the report dealing with the speci- 
mens in question has been published. 

The material remainit^ after the reserve and reference collections 
have been selected should be carefully sorted over. Small speci- 
mens which have served their purpose as study material and can be 
of no further value may be thrown away. The geologist may also 
select a set for comparative studies when he thinks that desirable. 
The rest of the collection must be transmitted to the Museum for 
its general purposes. It should be home in mind that the reserve 
collection of the Museum is available for examination at any time. 

Ore collections are to be treated in the same manner as rocks. 

12. Transfer of gpedinem to National Jfiismm.— Whenever geol- 
ogists, paleontologists, and others have specimens or collections of 
rocks, minerals, or fossils to be turned over to the National Museum 
as accessions, the Director should be advised of the proposed trans- 
fer, and the transfer should be made in regular official form by letter 
of the Director, or of the chief clerk, by his order. In no case should 
a collection be sent by the geologist or pateontoli^ist direct, whether 
accompanied by a personal letter to a member of the Museum ataS 
or not. A collection need not necessarily be held until the sending 
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of die Director's letter of tranamittal, but may be sent to the proper 
dep&rtment of the Museum at the convenience of the geok^iat or 
paleontologist, the official letter foUowine: in due course. 

Ohtunioal Analyses. 

1. All rcquesta for chemical analyses should be accompanied by 
full information as to the locality from which the material comes, the 
nature of the geologic problem involved, and the bearing of the analy- 
sis requested on its solution. This information is for the guidance of 
a committee on chemical analyses, whose favorable recommendation 
is necessary before the request can he approved . 

2. In the case of petrc^iraphic specimens, microscopic study of 
thin sections and a careful comparison of the rock with specimens in 
the petrograpliic reference collection already analyzed should pre- 
cede chemical analysis. A brief statement of the results of such micro- 
scopic study should accompany the request, in order that the chemist 
may be informed of the preaence of unusual constituents or o( the 
abundance of others ordinarily present in small quantity, 

3. When waters are forwarded for analysis the entire material must 
be collected through filters in clean glass bottles or carboys at one 
time, BO that the entire specimen, measuring not less than 2 gallons, 
may be thoroughly uniform, and these vessels muat be properly 
sealed with paraffin. Whenever it is practicable, geologists desiring 
analyses of water should inform the chief chemist of the general char- 
acter of the water and receive detailed instructions as to collecting and 
bottling. Ordinary druggist's filter paper is not suitable for the col- 
lection of acid waters. 

4. The nature of the analysis desired should be stated, the elements 
to be determined being given whenever a partial analysis only is 
called for. The term "completeanaly8is"is understood to mean tho 
determination of all the elements which occur commonly in rocks, 
including titanium, phosphorus, barium, strontium, lithium, etc, 

5. If analyses of this or similar material from the same region have 
been already printed, the fact should be stated, with references. 

6. The name of the substance to be analyzed should be given, and 
the locality should be stated on the label accompanying the sample, 
as well as in the official letter of request. 
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Fhotography, 

1. Uembere of tlie Survey malting use of the camera in the field 
ore expected, unlees they are already skilled photographers, to avail 
themselvee of all the means at their command, both those afforded 
by the Survey and those available elsewhere, for becoming profident 
in the use of the camera. The chief photographer will at all times 
be ready to give instruction to anyone who may desire it. Dark- 
room Eacilitiea and instruction in developing will be furnished to 
those wishing to familiarize themselves with this branch of the art. 
No one should go into the field without some practical experience 
with the particular camera and plates which he expects to use, nor 
should old or defective plates or films be used in the field. 

2. The use of photographic material supplied by the Survey 
should be confined strictly to objects germane to the work of the 
Survey. In case a member of the Survey uses in his offldal work 
private photogiftphic instruments or material, all resulting negatives 
which may be of value to the Survey for illustration or other pur- 
poses will be regarded as Survey property, the same as other field 
collections. 

3. All cameras and other photographic apparatus will be in the 
custody of the chief photographer, who will see that they ate in 
thorough repair before they are taken into the field. AH apparatus 
should be turned over to the custodian for examination and repair 
(if needed) immediately on the return of field parties, Kequisitions 
for the purchase of photographic apparatus and supplies must be 
approved by the chief photographer, and persons making such 
requisitions should consult bim in advance, in order that the outfit 
purchased may be adapted to the particular conditions under which 
it is to be used. For the same reason instruments should be pur- 
chased in the field only under conditions of exceptional emergency. 

4. Every n^^tive sent to the Survey laboratory for developing, 
or developed elsewhere at the Survey's expense, must be numbered 
and be accompanied by a record, made at the time of exposure, 
having a corresponding number. This record should state the con- 
ditions under which the exposure was made, the nature of the 
subject, and any tmther information which will assiBt the photog- 
rapher in developing. Books containing suitable blanks for irifttin g 
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this record will be supplied by the office. No negatives will be 
developed in the Survey laboratory unlesB accompanied by such a 
memorandum.. In case one part of the picture ie of more importance 
than another the fact ehonld be noted tor the piidance of the devd- 
oper; also the special importance of p&rticulai negatives, duplicate 
exposuree, parts of panorama, etc. This field record should contain 
all the information required for the permanent index lab^, for 
which it will be used after the negative is developed and proved. 

5. When negatives are submitted to the laboratery for develop- 
ing, a definite procedure will be followed, involving cooperation 
between the author and the photographer: 

(a) After developing, with special reference to the information 
fmuished by the author, an unmounted proof will be made of each 
negative which shows any definite image. 

(b) With the negatives and a set of proof prints the photographer 
will consult the author, who is requested to indicate any n^ativee 
which are of exceptional importance for illustration purposes. These 
the photographer is instructed to improve, if possible, by retouch- 
ing, intensifying, or other means. 

(c) Afteran examination ofthe proof prints, the author is requested 
to select such negatives as should be retained by the Survey. He 
will trim, number, and label the prints of the selected negatives and 
return them to the laboratory, where they will be suitably preserved 
and form the index to the Survey collection. Each author should 
have a consecutive series of numbers and supply a full descriptive 
label for each n^ative. Authors are urged to reject poor negatives 
unless they are of exceptional importance, in order that the Survey 
collection may be kept within reasonable limits. 

((f) Greater care in developing negatives will generally be taken 
in the Stirvey laboratory than eleewhere, and work will usually be 
done there with jvomptness, so that n^^tivee should be sent to the 
Survey laboratory for developing unless there are exceptionally 
urgent reasons tor doing otherwise. Proofe printed elsewhere at the 
Survey's expense are subject to the regulations provided in patA- 
graphs b and e. 

6. All official negatives, both films and plates, suitable tor illus- 
tration or other Survey purposes miut be properly numbered, sup- 
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plied with descriptive label, and dqxmted in the pbotograpbic lab- 
(catocyitsaoiHiaspoaBible. This regulation applies also to negatives 
developed »,t the Survey's expense elsewhere than in the Survey 
laboratory. Requisitions for prints oi slides will not be filled until 
this regulatioa ia complied with. 

T, When the Degativee are properly catalogued, loounted prints 
may be ocdered, the negatives being designated by number. Au- 
thors are urged to confine orden Eor prints to their actual needs. 
Since the negatives are to be readily accessible, it will be unnecesHtry 
and undesiiablc to have more prints made than are needed at the 
time, in order to provide against uncertwn future contingencies. 
When a view is definitely chosen for reproduction several prints of 
vaiying intensity may be procured from which a sdection can be 
made. In general, from one to three prints will supply ordinary 
requirements, and when more are ordered the object for which they 
are to be used ^lould be fully stat«d. 

8. Authors may retain the proof printa from negatives which for any 
reason it is not considered desirable to add to the Survey collection, 
and an additional print may be ordered from such negatives when 
needed for a specific purpose. Requests for prints from negatives 
not included in the Survey collection must be accompanied with 
the negatives from which they are to be made. 

9. Negatives smaller than 31 by i\ inches will be developed in 
the Survey laboratory and prints made, at the discretion of th« 
chief photographer, when other work of the laboratory will not be 
thereby delayed. Such small negatives may be developed in the 
field and at the expense of the allotment of the person taking them. 
Regulation 2, above, applies to these smaller cameras as well as to 
larger ones. The number of prints ordered at official expenee must 
be limited strictly to the requirements of the official work of the 
Survey. 

10. No work of any kind will be done in the Survey photographic 
laboratory except on a regularly approved requisition. In case an 
author desires prints for other than official use he will be permitted 
to withdraw from the Survey collection, for a limited time, the 
negative taken by himself, leaving a leceipt for the same; but in 
no instance will he be allowed to intensify, reduce, or retouch the 
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negative, ae all work of this character muet be perfra-med in tlie 
photographic Bection. The author may give hie order for prints to 
the photographer with whom arrangements are made for filling 
private ordere. With prints are included lantern slides. 

11. The Survey collection of lantern slides is growing so rapidly 
that it promises soon to become inconveniently laige. The mate- 
rial offered for inclusion in it will be subjected to careful scrutiny, 
and several classes of material wUl be excluded. Slides will not 
be made in the Survey laboratory from inferior negatives unlees the 
subjects are of exceptional impxatance; they wUl not be made from 
subjects of ephemeral interest unless the purpose for which they 
are to be used is one closely connected with the furthering of the 
Survey's interests, and then the requisition should indicaffl that 
they are not intended to be included in the Survey collection; they 
will not be made from private negatives or maps unless the subjects 
are of exceptional general interest and therefore especially desirable 
for the Survey collection. 

12. Slides will he catolc^ed ae soon as finished, and the person 
on whose requisition they are made may draw them from the col- 
lection, givii^ a receipt, under the regulations already provided. 

Qeologio Nomenclature. 
1. Bules of nomenclature and classification have been adopted for 
the Gteologic Atlas of the United States, and published in the Twenty- 
fourth Annual Report. Every pereon doing geologic work in the 
Survey should become thoroughly familiar with these rules. The 
cartographic imit is the formation. Aggregates of formations ar« 
designated, in ascending order, groupt, seriet, and systemt, and parts 
of formations are member». These terms, when coupled with a 
geographic name, forminga title, should be used only in the accepted 
sense, and not .loosely or indefinitely. 
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The following syBtems and series are recognized: 



BetlM. 

jBolmicBDe. 

IPUocene. 
Tertlsry Jyiomne, 



Quatenury... 



Triaaaic. 

IPermlBn. 
PemuylTauian. 
Ulaslulpplui. 
Devonian. 
BUuilui. 
OrdovlcUn. 

fSanitogan. 
Acadian. 
Oeoiglon. 
Algoukian. 

2. Certain rules in regard to the definition and appUcation of 
geologic formation names, based on principles of priority and estab- 
lished usage, have been adopted by the Survey. A committee on 
geologic names has been appointed to interpret these rules, and 
geolf^iatsandpaleontologietfimuBt transmit, coneidembly in advance 
of the presentation of manuscript, a list of the names they intend 
to use for all stratigraphic divisionB. Moreover, as it is necessary 
to obtain the committee's approval not only of the new names but 
of the particular application of every geologic name to be used in 
the text or on the illustrations, even those to which only a casual 
reference is made, the manuscript iteelf must when completed be 
sent to the committee for examination. This must he done bt/ore 
the paper is transmitted for publication, and the author must pto- 
ctue from the committee a letter containing a list of the names used 
and indicating the action taken thereon, to be transmitted with the 
manuscript. This regulation applies both to manuscripts for Survey 
publications and to those that are to be published elsewhere, cither 
by other Government Bureaus, by State surveys with which cooper- 
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ation is being carried on, or in proceedings of societies or Bcientific 
journals. In the case of such outside publication, it ia e*pedally 
important that the manuscripts ehould be referred to the com- 
mittee, w such manuscripts do not pass through the hands of the 
Survey editor. The committee will give full consideration to the 
views and wishes of the author, but its approval of all geologic 
names, both old and new, is essential. 

3. It is generally impossible to decide on the strat^Taphic sub- 
divisions or their correlation until the survey of & district is well 
advanced or is entirely completed and some office work done. 
Tentative field names or other deaignations should therefore be 
employed and long-distance correlations avoided until the strati- 
graphic units have been traced to or otherwise identified with forma- 
tions already defined. Suchfieldnameecaneasily be replaced when 
final correlations have been made, and no prejudice is incurred in 
favor of an incorrect correlation. 



PenuJBBion to Pnbliah. 

1 . Papon based in whole or in part on material procured or obser- 
vations made in connection with official Survey work may be pub- 
lished elsewhere than in the Survey series only on the written p€T- 
miseion of the Director. Bequests for permission to publish mnsi b« 
accompanied with the complete manuscripts. The pennieeion will 
not be granted untO the terms propoeed to be used have been ap- 
proved by the committee on geologic namee. 

2. This rule is not intended to hamper in any d^free the free 
expreesion of scientific opinion or the widest djasemination of con- 
cloaons, but it is intended (a) to prevent premature pubUcation d 
results prop^ly belonging in official repeats, (t) to prevent acrimo- 
nious or personal controversy on scientific matters, aitd (c) to prevent 
inconsiBt«nt and conflicting usage in matters of nomenclature and 
classification. 
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PoipOBe of ScheduleB. 

The following schedules have been prepared with a view to secur- 
" ing system and completeneK in making and recording observations. 
Most of them are not intended to be exhaustive or to cover all/possible 
points on which the apecialiat will make observations. They are 
rather for the guidance and help of the specialist when he is working 
outside bis specialty. Thus tbe glacialist or paleontoh^ist will have 
occasion at times to make observations on mineral deposits which are 
being mined orquajried. and theappropriate schedules will indicate 
to him what points are of most importance and should be moat care- 
fully noted. In Uke manner the economic geolc^jst or petrographer 
might be at a loss to know what particular features should be observed 
in a deposit of glacial material. In short, the need for the schedoles 
arises from the extent to which specialization is necessarily carried 
in geologic work and they are designed to overcome some of the dis- 
advantages arising from this specialization. 

In the field study of economic mineral deposits, the geologist should 
bear in mind that bis results, to have their greatest value, must be 
based on a thorough knowledge of the geolt^c relations of the de- 
posits. If he does not obtain this knowledge his work will be a more 
or less complete faUure, no matter how many facts he may ascertain 
regarding the deposits themselves. If time for the study of a deposit 
is limited a considerable share should bo devoted to the general 
geology of the district in which it occurs — to its geologic and physio- 
graphic history — although these matters may to the superficial 
observer appear to have little if any bearing on the subject under 
investigation. Thescheduleanatutally call special attention to facts 
to be observed regarding deposits of the particular class to which 
they relate, but it is to be understood that in every case a knowledge 
of the general geoli^y of the district is to be acquired as a foundation 
foi the special inquiries tabulated in the schedules. 

87 
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It has eeemed desirable to preface the schedules with a somewhat 
fullei statement of some of the special points to be observed than the 
tabulax form permits. Material assistance has been rendered in the 
preparation, both of these inttoductory statements and of the sched- 
ules, by Messrs. Whitman Cross, Anhur Keith, G. H. Ashley, W. H. 
Emmons, A. H.Brooks, P. S. Smith, A. C. Spencer, andW. C, Alden, 

DesoriptioD and Interpietation of Land Fonns. 

In deciphering tbe past history of a region the geologist is aided 
by an understanding of the character and origin of the surface 
forms. Thus a marine cut bench on a hOlside means relative uplift 
of the land, or a peneplain means a long period of relative stability. 
The value of this evidence comes from the fact that forms are the 
result of certain processes acting on certain structures. So, if a 
particular type of land surface ie observed tbe geologist may deduce 
the processes that have been effective, or tbe history or genesis of 
the area. As such deductions constitute tbe main use of this kind 
of evidence from tbe standpoint of tbe geoli^ist, those points which 
serve this end should be particularly Bought. 

The description and interpretation of land forme can no more be 
treated adequately by long-range views alone than can stratigraphy. 
It is desirable to gain first a broad view of tbe region, then to study 
tbe features in detail, and then to assemble the facts collected by 
these two methods of observation. Such study should consist of 
both office and field work, neither alone giving the best results, 
although the latter is far more important than the former. 

Office study should precede and also follow tbe field work, but 
as the compilation of the results differs but slightly from the method 
pursued in other sciences, it need not be discussed in detail here. 
Tbe aim of modem science is to make use of time most effectively. 
Therefore, when any work may be done equally well by two methods, 
the shorter one is to be chosen. Much time may be saved by a study 
of maps and the literature before visiting a region. In'this study 
the relation of the particular area to tbe larger land forms outside 
of it should be noted, as well as tbe main features within its limits. 
In this preliminary study any peculiar features which will require 
particular attention in the field, such as abrupt termination of ridgea 
or sudden changes in the direction of the streams, should be 
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noticed. The general amngement of the various topographic 

unite should be graeped and, so far as poesible, a plan of campaign 
laid out. As much information concerning the geologic structure, 
climate, etc., as ie poeaible should be gained, but the attempt 
should not be made to do those things which can be better done by 
observation in the field. 

Subdivision of land forms may be carried to any degree of refine- 
ment desired. Intheaccompanyingschedule(No. Ijthreetypes — 
plftina, plateaus, and mountains — are adopted, and it is believed 
that all areas which are encountered by the field geoii^t will 
belong to one or more of these types. Each of these divisions may 
be treated as consisting of three parts— the upland, the valleys, and 
the intervalley areas, or spurs. Each of these details should be 
considered, first separately and then in its relation to the others. 
When this has been done, the observer will be in a position to under- 
take the statement of the origin of the present form. The char- 
acter of the previous form, of which the present form is a derivative, 
neit requires attention. It may be best deciphered by one alert 
to the forms characteristic of each agent of land sculpture. Thus, 
ii a peneplain is suggested, evidence of old age should be sought in 
the character of the drainage, deep rock weathering, absence of 
ledges, absence of undrained aieas, monadnocks, lack of interrup- 
tion of peneplain surface on rocks of very different resistance, etc. 
If these conditions are not fulfilled, their absence must be ex- 
piained, or the interpretation is erroneous. After a hypothesis is 
formulated, it should be tested by some new line of study, for 
every hypothesis must at least fit the known facts, but its proba- 
bility is increased in proportion as it explains some previously 
imespected facts. For instance, the theory of continental glacia- 
tion was first advanced to account for scattered bowlders of foreign 
material which showed scratched surfaces. When this theory was 
tested by inquiring the effect of such a hypothetical ice sheet on 
the drainage and was found to explain perfectly such conditions as 
those in the region around the Great Lakes, it conmianded greater 
credence. 

While much of the theoretical consideration of the data acquired 
ctm be profitably worked out after returning to the office, it is of 
prime importance that the greater part should be done in the field 
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witli the fonna before the observer, for in that way euggeetioiu mxy 
be tested and critical localities visited. IF, however, the time for 
field work ie limited, enou^ infoTmation for a general deaciiptim 
may often be afforded by pkotegrsiphB. In taking pictures it is 
important to note the eompasH direction in which the camen is 
pointed. Furthermore, if posuble at leaet two views, at right m^OB 
to each other, of all important features sbouid be obtained. Note- 
book sketches are of great value, especially in supplementing photo- 
graphs, but the personal interpretation should not obscure the facts, . 
for it may be neCBasary to modify early opmion* in the light of further 
knowledge. 

In the use of the accompanying schedule, which is primarily 
intended for field obeervations, it should be remembered that often 
only a few of the points necessary for a complete description raa.y 
be found in a single view, and therefore anawere to every one of the 
headings indicated on the schedule are Dot expected. The object 
of the study should be kept firmly in mind and emphasis placed on 
those portions which further the main object of the party. The 
observer should be alert for corroborative evidence that can be ob- 
tained from all the branches ofgeology, aa, for instance, stratigraphy, 
petrology, etc. 

Petrolagic ObBervationa. 

Bocks are the documents that contain a large part of the geologic 
record. To read that record is the geologist's duty, and it will not do 
to jump at the sense by catching a word here and there. 

Rock masses represent primarily the result of certain processes, 
acting on certain materials, under certain conditions. Petrology is 
the broad science of rocks, dealing with the product and from a Study 
of its characters and relations reaching conclusions as to these proc- 
esses, materials, and conditions. These processes include meta- 
morphiam and decay of rocks, the latter bemg but an initid process 
in the forming of still other rocks. 

For the geologic interpretation of rocks the primary requisite is 
a knowledge of the rock itself. In proportion aa its characters and 
relations are known its significance as a geologic mass is underatood. 
It is, then, manifestly a primary duty of the field geologist to study 
carefully in the field the rocks which come under his observaticm and 
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to provide adequate material (or refined examination in the office or 
laboratory. It ia important for him to realize that the more fully the 
character of a rock ia appreciated in the field the more helpful Bre ita 
hints in directing the course of inveHt^ation. 

Some of the important things to observe in connection with differ- 
ent classes of rocks will be briefly mentioned here. 

KKSOXJB ROCKS. 

Rocks repreeenting fused material from unknown sources in ttie 
earth's interku are seemingly primary. If dmved from older rocks 
only the general chemical nature of these original rocks can be 
inferred. The igneous rocks are of great importance as telling 
almost all that we know of the earth's interior and illustratiiig 
many principles of chemistry and physics. 

Character of the rocib.—Obeerve mineral composition and textnra 
carefully; the proper claseificatiou, description, and naming of a 
rock depend on these factors. Note variation of either composi- 
tion or texture in a given mass; both require explanation. Hetero- 
geneity in composition is often difficult to explain. Is it related 
to form of mass or to contact zones, or is it irregular in distribution? 
Ib the transition from one phase to another sudden or gradual? 

Changes in texture indicate conditions of consolidation. Dense 
or glassy contact zones with coarser interior show the chilling effect 
of cold wall rock, water, or the atmosphere. An even, granular 
texture in contact zones speaks for highly heated country rock, 
produced perhaps by the passage of much magma through a conduit, 
or a great depth of the mass at the time of consolidation. Fluida] 
textures in contact zone« imply movement just before consolidation. 

Mode of occujreTice.— Observe form, size, and position of intrusive 
massea with relation to character of the rocks, nith reference to 
mae history of the region, and for data bearing on the question of 
the mechanics of igneous intrusion. Do the contact zones of intru- 
sive masses, either with wall rock or included fragments, show 
evidence of fusion of wall rock or inclusion and assimilation of 
melted material, or is the contact sharply mechanical? If laigs 
fragments are included in an intrusive rock see if their source cui 
be determined. Specimens illustrating these relations are necessary. 
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Relationi of rockt. — Where seveial igneous tocka occur in aseocia- 
tion, observe relations of occurrence and evidences of relative age 
of difieient kinds. If one cuts another ascertain which is the older. 
Contact modificationB in the younger rock are common. The 
sequence of eruptiona is often interesting as bearing on magmatic 
difierentiation and the succesaion of events at a volcanic center. 

In many places small maasea or dikes are characteristically 
associated with certain large bodies. Note auch reetrictions of 
occurrence and repreaent difierent dikes liberally by apecimena. 

Effueive roeke. — The petrographic character, features of associa- 
tion, and succession are matters of prime interest in connection 
with efiuHLve as well as with intrusive rocks. It is important to 
determine the location of the vent from which a lava has isaued 
and its connection with or aeetning independence of a center of 
typical volcanic action. If a volcano is indicated problems arise 
as to the nature of the eruptions, whether efiusions of lava or explo- 
aive outhurste, the period of activity, and the extent and state of 
preservation. In the case of ancient volcanoes which have been 
greatly eroded the .phenomena may become largely those of intru- 

Observe carefully the extent and thickness of lava flowa and the 
features of their upper and lower zonea and of the aurface. These 
points bear on the liquidity or viscosity of the magma as it Issues 
from the vent. The more liquid lavas flow readily and cover a 
larger apace than those that are viacoua, some of which build up 
domelike hilla above their vents. 

Metamorphism. — Always study with care the change produced 
in a country rock or an included fragment by an igneous magma or 
associated solutions. Ascertain the original character of the wall 
rock and the extent of ite metamorphism, as ahown by gradation 
from maximum to minimum effect, the latter being commonly 
related to distance from the intrusive body. Note the character 
of the aecondary minerals when possible and illuatrate by specimens. 

J>Mompori[ion.^The destruction of an igneous rock is usually 
accomplished by deep-seated chemical action or by the dominantly 
mechanical processes of weathering near or at the surface. In the 
former case the special charactera of a given rock may be changed 
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by the work of ciiculating waters. Certain componenta may be 
removed and othere brought in. Thua locka of different primaiy 
character may be brought to resemble each other and even the dia- 
tinctive ptopertiee of an igneous mase may disappear, as in extreme 
ailicification or kaolinization. Such alteration is umially so local- 
ized that the geologist may obBerve varioua at^iee, even perhaps to 
the freeh rock, and by obtaining suitable ^ecimens afford means 
for an intereating atudy. Conaider eBpecially the relation of auch 
decompoaition to ore deposition. 

Study the surface decay of rocks with relation to the process of 
weatliering, the formation of soil, the mechanical destruction of the 
exposed maae, and the deposition of detritus. 

Pyroel(Utic roekt. — Intermediate between massive igneous and 
sedimentary rocks in some respects are the pyroclastic rocks. They 
may represent debris from volcanic eiplosions which has fallen on 
the elopes of the volcano or at no great distance and has suSered no 
tranaportation. ContemporaneouB and perhaps intermingled with 
such deposits may be others that have been washed, by heavy'rains 
attendant on eruption, to varying diatancee down the slopes or into 
bodies of water. After eruption ceases volcanic d6bria is naturally 
transported and deposited at more or less remote points in normal 
sediments. 

Make obeervationa to determine the relations of pyroclaatic 
deposits to their source both in space and time. Sediments com- 
posed of volcanic material transported, sorted, and deposited under 
uaual conditions exhibit the characteristics of clastic rocks referred 
to below. As a rule those which belong essentially to the volcano 
exhibit atructural relations to the volcanic center, association with 
lava atreams, irregular mingling of coarse and flno particles, crude 
bedding, and petrographic uniformity as to constituents. The 
finer particles are sharply angular, many of tbe larger onea are 
aomewhat rounded, and bombs are of common occurrence. 

Collect specimens wherever desirable, following the instructions 
in this handbook in r^aid to form, number, label, and record. 
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Summary. — -The following 
tioBS to be made on igneous ro<^: 



ObservatlMU. 



1. Itcgaacopli: ctiu&ctei ol loek u to 

unUormlty or vttilaMJlt; In tnsu, 
(d) reUUona ol all ebanotan to 
teatunw ol occunsnce. (e) iped- 



6. CtiamneT and eitant of oontaot met- 

amorptalem, associated ore depo*- 
lt>, (md attendant alteration ol 
country rool:. 
A. Seek source Df a lava Dow and Its uaao- 
datlon witb other flovs or wttb 
pf Foclaslic materfal. In case ol a 
aeiies study sequeooe and stnio- 

7. Pyrcclaatlca: 

(a) Chaotic arrangemfint, or rude 
bedding, angular tonn of smaller 
pgpp.,.. ..« i.t 1 

aipl 



jsoclaUoa with la 



I. The excel [atwe tA petrogr^ilila 
Gcation, descrrptlon. and n 
dature depend on the thoi 
neas.ol t&ese Held ob> 



tea ima aolut 



Aaaoclated lavas indicate a volcanic 
center whose Mstoi; should be da- 
dpliered 11 poedbte; the exteat, 



dlnary clastic 

[c) Derived b 

liquid lava. 



Much of the history ot the earth's surface in paat ages is recorded 
In the sedimentary rocks. The geologiat's interest in them is miuiy* 
uded. Beyond and above the purely petrographic interest lies the 
consideration of the eedimcnts as geologic units to be interpreted in 
their bearing on earth history. Primarily this is a question ot the 
rocks aa deposits. 
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The claetic sedimente tell of older locb destroyed, of detritus 
transported by various agencies, and of deposition uader many dif- 
fering conditions. Such deposits must, then, be etudied for the light 
they may throw on the conditions and events of the epoch they 
represent. 

The sedimenUry rocks other than elastics are chiefly precipiUtes 
from aolution and their most evident importance is in comiectioii 
with the place and conditions of deposition. Moat of these rocks 
owe their origin to the action of organisms, directly or indirectly, la 
to the deeiccatioD of isolated bodies of water. 

It is manifestly imposeible to give here more than a suggestive 
outline of necessary observations concerning featiu^s of sedimentary 
rocks, with hints as to their signiflcaace. 



PetTographic (Aaracter. — Comparatively little attention has been 
paid .by petrographers to the inherent properties of clastic rocks. 
The meager terminology is evidence of this n^lect. The difficulty 
of interpreting the conditions under which sediments were deposited 
is no doubt due in part to imperfect knowledge of the character of 
the sediments tbemBelvea; hence closer study of the rocks is highly 
desirable for the advancement of both pctr<^rapby and stratigraphic 
geology. The nature of the rock particles in a sediment should be 
determined sufficiently to permit the use of appropriate names and 
descriptive terms and to lead to the recognition of peculiar or char- 
acteristic teatwes of formations under investigation. "Sandstone" 
is too often used as a suibciently exact litbologic term. It is impor- 
tant to know whether the sand grains are quartz, feldspar, calcite, 
volcanic ash, or other materials of peculiar character. "Cor^lomer- 
ates " are often described with no mention of the character of pebbles 
or of the usual sandy matrix. Such deficient description is usually 
due to deficient observation. 

Source of materials, — The mineral and rock particles of sediments 
should be examined with care for their evidence as to the character 
of existing land masses of a given epoch. By this evidence an impor- 
tant stratigraphic break maybe detected in an apparently conform- 
able aeries of beds — a break corresponding to overlap in some dis- 
tricts. Tbe pebblesof conglomerates and the particlesof the coarser 

Google 



96 HANDBOOK FOR FIELD OEOLOOI8T8. 

grits ftnd eandstonefi will often yield thie infoimatitm on megascopic 
study, but specimeiis for office examination should be taken. The 
microacope may show that a certain sandstone is derived Isigely 
from quarteite and not from granite or other igneous or metamorphic 

The aife of land areas furniabing debris is in some places indicated 
by increasing coarseness of conglomerates in the direction of their 
source or by restricted distribution of certain components. 

TVongportatwrn and depontion. — Rock detritus may now be seen in 
all stages of transportation from sources far inland to the sea, and 
much is known of submarine deposits. Wind, ice, and water are 
visible agents of transportation. Presumably some ancient clastic 
deposita represent nearly every stage of each proceas ol transporta- 
tion. The recc^inition of the stage or process must be the ultimate 
aim of the geologist. 

Most wind-blown material is in the end transported and deposited 
by water, but glacial debris representing till or moraine may be 
preserved as such, with sl^ht modification. Recent studies of cer- 
tain ancient coi^lomeratea have led to the belief that they represent 
till. The subangular form and striated faces of pebbles and the 
irregular testure of the matrix, ahowing no evidence of sorting by 
wafer, constitute the deciaive criteria in thie case. 

Sediments formed above sea level are grouped as conlinenial. 
They clearly include lacustrine, river, and land deposits and the 
question of their importance relative to marine beds among the 
ancient formations is one of the chief problems of modem stratig- 
raphy — a problem which the geologist should have constantly in 
mind. Studies of nonfossiliferous marine and continental clastic 
rocks of similar textures, tending to determine critical differences 
between them, are much needed. The various phenomena of nearly 
all kinds of sediments must be studied together and finally inter- 
preted in the light aupplied by the association of characters. 
;# Attention has been particularly called to certain featuree of clastic 
sediments in illustration ol the preceding remarks, but it must be 
realized that charactera not here referred to may be of great impor- 
tance in special casea. 

Fouilf. — Fossils ahould be sought with great care in all deposita, 
not only for their chronologic Bignificance but also for the evidence 
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they funush ae to conditions of sedimentation. Many marine and 
fredi-Tater beds are dietinguialiaWe only in this way. Remains of 
Isnd animsla, eBpeciaily of dismembered vertebtatea, may ei^Mbit 
muks of abrasion, Bi^esting the fluviatile character of the sediments 
containing them. It may be that fragments of fosail wood or bone 
have been derived from older strata — a possibility to be kept in mind. 

Character ofpartickt. — The size and form of the particles in a sedi- 
ment are often highly significant. Large size and angular form indi- 
cate that fragments have not suffered transportation to a great distance 
from their source. Small and rounded Band grains have presumably 
traveled far or suffered attrition by wave action. Pine mud is not 
necessarily the product of extreme transportation. It may result 
from erosion of fine-grained deposits near at hand or from wind erosion 
in an arid region. 

Hom^^neity of deposits is a factor of various aspects. It may 
indicate a near-by source of material — a land mass mainly of lime- 
stone or quartiite or some other prevalent rock — or it may tell of 
volcanic outburst, as in the case of a tuff. On the other hand, there 
ia a teitural homc^eneity produced by long-continued sorting by 
water, in which size, specific gravity, or hardness of minerals sorted 
is usually the controlling factor. This is illustrated by a quartzose 
sandstone. 

Heterogeneity in character of clastic components may testify to 
the destruction of a complex land mass; or, if the rock is a mixture 
of certain ininera,ls in notably uniform proportion, as in some arkose 
grits, a granitic or gneissic source may be inferred. 

Texture. — The uniformity or variability in texture of sediments 
should be carefully noted. A stratum possessing uniformity over a 
groat area implies uniform conditions in that area; the vertical 
«ttent of such strata tells of continuance of conditions in time. 
Sttch uniformity is most common in subaqueous sediments but is 
also shown by some fluviatile and basin deposits. 

Variability in texture is indicative of restricted or rapidly chang- 
ii^ conditions, such as those of most continental and some offshore 
mamne deposits. 

■ Beddfrtg. — The bedding of sediments is of much significance. 
Where bedding planes are cloeely spaced, notably even, and later- 
ally persistent, they tell of quiet watere and slow accmr . 
44014-08 7 ^ 
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material; where tKey are far apart they show mpid accumulation, 
Gonuoonly in turbulent waten, Croes-bedding is indicative of wave 
action or great river currents and must be studied in the light of other 
characters of the strata. 

Color. — The color of strata ia of extremely variable importance. 
Obeervation should determine whether a given color is character' 
istic of A formation, is rcetricted locally within it, or transgreesee 
formation limiM. The cause of its color and whether this is of pri- 
mary or secondary origin muet be determined and these problems 
usually require office study. The color may pertain to the clastic 
particles, to the cementing subetance, or to a pigment of later origin 
than the depoait- 

The red color common to many formations is of particular interest. 
It iB often considered diagnostic of*the basin deposits of arid re^ous 
or of material derived from such areas. The usual absence of fossils 
in red beds and the ferruginous nature of the pigment are points in 
favor of a climatic significance for red atrata. But certain red 
dep«itfl are plainly derived from older red rocks and hence generali- 
sations must be based on cloee observation. 

MarkiTiga. — Various markings made on the sur&icea of mud depos- 
its before they were covered and preserved by succeeding layers are 
of notable value in showing certain conditions of deposition. Uud 
cracks, raindrop pits, organic tiaU marks, footprints, etc., testify 
to exposed mud flats. These need not be of tidal origin, as is some- 
times eaaumed, but characterize as well the flood plains of rivets, 
mnrginnl plains about lakes, and the interior basin deposits of tem- 
porary lakes, especially in desert r^ons. Ripple marks and allied 
forms belong ckiefly to the littoral zone of lacusttal oi marine beds, 
or to fluviatile deposits. 

Canenl. — The cementing material of many clastic rocks is a 
strikingly characteristic feature. It may have been fwmed at the 
time of deposition, as in calcareous sandstones and marls laid down 
in sea water rich in lime. It may have been gradually deposited 
from waters circulating through the porous rock long after its forma- 
tion, and although such cementation ia a change in the character 
of the sediment it is not commonly included under metamorphism. 
The induration of a clastic rock may, however, date from some 
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period of intense chemical activity and ttus be claaMd as meta- 
Diorpliic chaDge. 

It IB evidently deairable to investigate the induration of eedi- 
mentary rocka and determine the nature of the cement and, if 
possible, the time of its depodtioi). Lack of cement may signify 
that the sediment has never been satuiated by waters capable of 
depositing a binding substance or that solvent waters have abstracted 
the former cement. 



Chemical precipitates and rocks consisting of organic remains are 
(ample of interpretation as compared with clastic rocks, but tell 
litUe beyond the conditions of their depoffltion. 

Limestone is the most important sediment of chemical origin. 
As it is in many cases produced by the aid, directly or indirectly, 
of organisms, fossils are apt to be present and should be diUgently 
sought. Marine and fresh-water limestones are thue to be dia- 
tinguiahed. The name limestone ie often indiscriminately applied 
to carbonate rocks regardless of the amount of magnesium and iron 
carbonate that may be present. Material for inveetigatioa of com- 
position should be collected, and it may be desirable to carry a 
small botUe of hydrochloric acid to discriminate magnesian lime- 
stone. It is important to note the character of impuritiee in lime- 
Btonee — their texture, fracture, bedding, and color. The cause i^ 
characteristic colors should be determined. 

Gypsum and salt deposits, even if not of industrial importance, 
are significant of lagoons or of isolated seas, and usually testify to 
arid climatic conditions, which may also ofl«n be inferred for asso- 
ciated clastic sedlmente. 

The now recognized continental character of carbonaceous deposits 
derived from land plants sheds also much light on the nature of 
associated rocks. 
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A summarized Htatemeut of the obnervations to be made on sedi- 
mentary rocka is aubjomed. 



'ji detsnolnattoB ol cliaracMr ; 1. 
Mtituent partlclea, ohflracter i 
lenC, and teiture. ! 

OTpartlclesdeilvedlToni older I 2. 






.(d) HstecggHn^ty Of 

<() arealvMtabilltyi 

(fj Bedding spacing ol dtatlBct 
plansi. oxtsut (laMral or v«r- 

Cf) CnM»-beddliig, 

(A) Color; does It belong to trag- 

plgment. 

(0 Mud oraoka. raindrop plu, or- 
ganic Inill markfiig*, foot- 

(f) Cement material; I 



Baals for petrograpUc treatment and 
deduGtloiu aa to nlrtorr ot nxHc. 

'■. Show charaBtet ol land nuawa ei- 
poaed. lla; demonatrate stiatl- 
graphic bPBak, 

. Bear on metbods ol tranqiortatloB 
andcondllionaofdepoalfiDn. 

. Age and condition of deposition. 

(S) Fiaiiouty t« aoiiice; piobabta 

(b) Tranq>Drtatieii and aortiiig. 

(c) Character of aoun» or d^gpee ol 

(d) ComjieiBouiiM or possibly fluvt*. 
It) cWnon In BuTlatllc and oHilion 



(f ) Wave aotlon (aubaquaoua) or 
current (fluviatlle). 

(It) Mar Indleale aoorce ot d«bTle, or 
coDBtltute a dJagnoallc leaiiua 
H8 to conditions o( tlmaot depo- 



chauge long attei depailUoB. 



MBTAHOBPBIC KOCKS. 

Oeneral obKrvationt. — Igneoue uid sedunentary rocks alike are 
subject to chEinge by many different agencies operating under 
varioua conditions and subject to recurrence at distinct periods. 
The changes vajry in degree, ranging from a barely perceptible 
aJtei&tion to the total obliteration ot the primary chuacteis. In 
the introductory teit of the geologic folios metamorphic rocks are 
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defined ta indiide those in itbic^ "the newly aci^uiiiHl cfau«ct«p- 
iitica are more pronounced tbma ihe old ones." Ii_t9<n without 
Mtying, however, that oil degrees of meUmorphiBiH'^'Akoiild be 
MOdied v'ak cftre, Im|>o(taAt etudlee both of we&theiin^g ;^iid of 
deep-eeated metamorphiam require an ttppreciatton of the piobknu 
irbil« in the field and an intelligent s^ection of ttiaterial for datftiled 
eXKminfttion in the office. '■ ^.'\ 

• The obaerver must remember that metamorphlc tw^ks hAve'^g.'' ^ 
threefold intereet. First, the rocke themaelvee are notabl« becatH^r.',' 
taauf at their »c<iuii'ed cbantctete, both of missal compooition and 
texture, are pecnlittf to them. Second, they rejneeent ^;neous or ' 
sedimenUtfy nuHSeB and recognition of their original i»tute leads 
to information concerning epochs preceding the metamorphism^ 
"Riird, the piocctaee by which the metamorphiem has been accom- 
plished are important from the phyricfd and chemical as well as 
bom tl)« histoTical standpoint. 

PainWaking obeervation of megascopic character* ie, if anythil^, 
myt^ necesaaty than in unaltered rocks. Compared with igneous 
Tucka the crystalline schists exhibit marked variations in compo- 
sition and texture within a given geologic msBB, and study of these 
feftturee may furnish impiHtant lines of evidence. By discriminating 
phases of rocks varying d^ees of metamorphism may often be 
reci^nized, and where several stages are known both the nature of 
the original materials and Uie procesBes of altemtion may be worked 
out, AH stages must be represented by Hpecimens for detailed 
study. 

Different rocks acted on by the same agents differ greatly )& their 
susceptibility to change. Thus shales become slates, giving evi- 
dence mainly of mechanical changes and often but slightly of 
chemical changes, whereas feldspathic sandsltineB and impure 
limestones are readily altered to highly crystalline schists. Con- 
glomerates or porphyritic igneous rocks often form the basis for 
layered schists, and some fisaUe hornblende schists are traceable 
into diabase or diorite. 

In areas that have suffered regional metamorphism it sometimes 
happens that no trace of primary minerals or textures can be recog- 
nized and even larger structural features are greatly obscured. In 
such areas rocks rich in quartz or in calcite may furnish clues to 
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die determi^tldn of the origissl sedimeate. Layering in Bchista and 
gneiaaes ipt,^ ijt may not repreaent stratification. 

In ue^'ftf contact ntetamorpfainn it is usually possible to det^> 
mine tlle,.«>uiBe of altention by studying tlie progressive chaise 
in paesuigaway from the iutniaive mass. 

^ptudying all phases of metaiaorphiBm it is of the greatest im- 
;(«rWce to determine if materials have been added or subtracted, 
■'ooe 'or both, or if only the substancee of the original rock appev in 
'-.(lie metamorphic product- 

' *• Metamorphism of all sorts may be attended by the segregation <^ 
"metallic minerals and the formation of workable ores. 

Siimmary. '^The followii^ points, therefore, are of prime import- 
ance in the study of metamorphic rocks: 

(a) Determine the laige features and structural relations of the 
original rocks considered a« formations. 

(b) In all clasees of metamorphic rocks seek the most and least 
altered phases; estimate the nature of chai^ from one to the other. 

(c) Study all phases of alteration in order to establish a progres- 
sive series. Even if incomplete such a series may indicate the 
processes of alteration. 

(ff) Distinguish mere mechanical metamorphism from molecular 
and chemical change. 

Observationa in Structural Geology, 

The facts of geologic structure should be gathered for three 
purposes; 

(a) For use in determining the thickness and sequence of forma- 
tions and in directing observations in the field. 

(6) For controlling the drafting of maps and sections. 

(c) Fordecipheringthehistory of the earth. 

FoT immediate Jield pwrposea.— It is obvious that dip and strike 
should be observed in order to calculate the thickness and sequence 
of the rocks. Once those factors are detennined they can be used to 
detect other structures, like faults and duplications that may be 
locally obscured. 

Metamorphic products also must be observed in order to trace and 
correlate fomaations which were originally the same but now are 
locally changed. 
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An early underetandii^ of the faults and tolda of a region is eseen- 
tialb) mapping and guides the geologiet to criticEillocfditieB, So, too, 
it ia of the utmost importance in the study of economic deposits, some 
of which, like coal, oil, and gas, are more or leas available according 
to their position in the folded and faulted strata. Metalliferous 
deposits may follow the contact of two formations, lie in certain 
fissures, follow fault planes, or fill the lower part of the synclines, and 
to mine them best an intimate knowledge of the structure is needed. 
A knowledge of the relation between deposits and structure will lead 
to the discovery of new and unsuspected deposit*. 

For drafting pvrposti. — In the drafting of maps a knowledge of the 
dip of strata along the formation boundaries is essential in order to 
show properly the curving boundary lines produced by various 
topographic forms. These variations are of small consequence where 
the dips are over 60°, but are of radical importance if the dips are 20° 

In drafting structure sections a knowledge of the dips of the strata 
will frequently determine the presence of a fault, where in the body 
of a formation there are no visible offsets or dislocations. It seems 
hardly necessary to state that the dips should be recorded in the field 
aa well as seen, but there is a common tendency to omit them from 
the record. A proper procedure is to put into the notes the dip and 
strike of every rock about which any comment is made. This sug- 
gestion appliee to dips of cleavage and schistoEity as well aa to those 
of stratification. 

Far hUtoHcal purposes. — Moat of the facta that are noted in regard 
to rocks record their environment^the conditions which led up to 
their production. Still other events, those that followed the forma- 
tion of the rocks, can be deciphered from their structure. In the 
sedimentary and igneous records there are many gaps. These are 
bridged, in part, by the facts of structure. 

One series of rocks may rest across the beveled edges of an older 
series, thus showing that the earlier rocks were uplifted, worn away, 
and depressed again by further movement before the later rocks were 
deposited. The pressures may have been great enongh to fold or 
break the older rocks, or even to alter their minerals, while similar 
facts may not be shown in the second series. These are signs of the 
greater earth events and from them the geologist infers that the time 
between the series was of great duration. oolc 
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Some lEi^e areaa are characterized by faults of nonual type. It 
may be concluded from this fact tJutt the thin layer now visible has 
been deformed without horizontal compreesion and has merely 
accommodated itself to the disturbed underbody of the eutfa. 

Other great districts exhibit rocke folded in troughs and arches, 
or pUed over each other on faults. Such facts clearly indicate that 
the visible part of the earth's crust has been enormously compressed 
and shortened horizontally. 

Still another region may contain rocks whose teitures and min- 
erals are more or less altered from theii original condition. These 
phenomena show clearly that either the pressures producing them 
or the load of overlying rocks were at their maximum and entirely 
overcame the strength of the metamorphosed beds. 

Thus, in one part of the country or another, rocks are now exposed 
at the surface which slowly came up to it from greater or less depths. 
They contain records — fragmentary, it is true— of the conditions 
throi^h which they passed at difierent levels. 

A gabbro, for instance, may have been intruded into other rocks 
at a very great depth. Dynamic movements at some later time 
combined with the weight of overlying rocks to transform this rock 
into a hornblende schist or gneiss. In diSerent parts of its mass 
both altered and unaltered phases may still be found. By erosion 
the mass approaches the surface and lies in succession in the zones 
of flowage, of fracture, and of weathering. Evidences of processes 
in all these zones may be found in the rock — close-knit crystalline 
minerals for the first; joints and dislocations more or less filled by 
later minerals for the second; and gradual expansion, disintegra- 
tion, and hydration for the third. During this rise to the surface 
the rock may have been affected by a second compression, and the 
structiu-ei produced by this process will be seen modifying those of 
the first. 

In brief, it can be seen that the record of structural geolc^ begins 
where that of sedimentation or intrusion ends, and that each is a 
necessary complement to the other. Concurrent with and modify- 
ing each were the processes of erosion. These fumidi a record ot 
still broader and simpler dynamic movements — those of uplift, 
depression, and warping. Some large districts are marked by an 
almost entire absence of geoli^ic structures. In them the geolo- ' 
gist's insight into the past is sadly limited. -, . 
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SlaoieiB «nd Gtecul Df^KMits. 

ExUting mountain gladert. — It ia of importance t« ni>ce ihe phe- 
nomemi of existing glaciers, both becauBe of their own interest and 
because of their value as indicating general atmospheric and cli- 
matic conditiuns and also as affording a means of interpreting ths 
mode of action of ancient mountain and continental glaciers and 
the part played by them in tbe history of the earth. 

Observations should be made wherever possible on methods of 
erosion, derivation of the drift, transportation, and deposition. 

Note should be made of indications as to whether the ice is sta- 
tionary; advancing and crowding on moraines and bordering ter^ 
races; encroaching on lakes, marshes, or forests; discharging icebergs 
to the sea; or retreating from its moraines. 

Earlier rrunmtoin glaciation. — It ie of importance to ascertain the 
conditions prevailing in the mountain districts of the West during 
Pleistocene time and to develop means of correlating glacial phe- 
nomena of the mountains and of the plains with nonglaciat phe- 
nomena, such as those due to lacustrine, fluvial, and marine ^encies 
of the same time. 

In some places earlier prevalent conditions were so different from 
those of the present that glaciers occupied valleys and slopes which 
are not now glaciated and many of these earlier glaciers eMended to 
lower altitudes, some of them reaching the seacoast or lacustrine 
basius in such a manner as to afford meaus of determining ihe time 
relations of the glaciation and the submergence. 

Wherever possible observations should be made on the deposits 
of earlier and more extensive glaciers, and these should be dis- 
criminated carefully from nonglacial deposits. For example, in 
esaminii^ the high-level gravels of the mountain districts and simi- 
lar deposits look for faceted and striated pebbles and bowlders, lack 
of assortment and stratification by water, and the presence of 
erratics too large for water transportation; note the maximum size 
of stones and their topographic situation; look for glaciated rock 
surfaces near or beneath the deposits. 

Plei»tocene continental ijladatum.— la the study of Pleistocene 
glacial phenomena it has been determined that the epoch did not 
consist simply of the development, extension, and melting of a single 
continental ice sheet, but that, on the contiary, there w 
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Stages of gladation, each marked by the development, extennon, 

and final melting of an ice sheet; that theee glaciere deployed from 
more than one center and differed considerably in extent and in th« 
directiona of their movement; that the etagee of glaciation alter- 
nated with stages of d^laciation, when such climatic changes 
occurred as resulted in the melting of the ice sheets, the develop- 
ment of new soils, and the introduction of new faunas and floraa. 
During these etagee of glaciation and deglaciation a great variety of 
phenomena were developed a& a consequence of variations in the 
extent of the different advances and retreats of the ice fronta and in 
the methods and amounts of eroeion, transportation, and deposition. 
The character of a large part of the northern half of North America, 
and its adaptability to human habitation or at least to the carrying 
on of particular pursuita, are in large measiu'e a consequence of these 
geologic processes. 

Much of the science of glaciology is still in a formative ptage; for 
instance, the number of the glacial and interglacial stages, their 
relative length, the character of the attendant climatic changes, the 
attitude and altitude of the different parts'ot the continent, the rela- 
tion of glacial phenomena to nonglacial phenomena south of the drift 
limit, and many minor phenomena are not yet satisfactorily demon- 
strated, norarethecausesof Pleistocene glaciation yet so well imder- 
stood as not to need the development of new hypotheses. It is there- 
fore of importanre'that a large amount of detailed data baaed on care- 
ful observation\be' arcnmnlated,' not only'as the means of inter- 
preting the geology of particular areas but for the development of 
the science itself.? From the nature of the case, dependent as con- 
tinental glaciation was on'the climate and get^raphy over wide areas, 
it is necessary that the study of the phenomena be carried on through- 
out areas of great extent^and'under widely varying conditions, and 
observations should! be^made'"wherever possible. For instance, in 
determining the age''of a particular glacial deposit it is impossible 
merely by collecting^andtidentifying'fossils' to' refer' the deposit to 
its proper horizon. If the stratigraphic'relation can not he traced 
directly, the geologist is^dependent-on'the ob6ervation"and correla- 
tion of a large mass of data concerning the composition of the deposit, 
derivation of material, direction' of ice movement ."degree of decom- 
position' by" weathering, maturity of development of the dnunage 

Google 
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iystema thereon, and otlier phenomena in order to form & reliable 
opinion conceming ite age. 

Ab b. haoB for the gliicial study it is eseentiaL to have eome knowl- 
edge of the general geology, the constitution and attitude of the 
diSeient rock formatioDB, and their relation to the topography of the 
bed-rock surface, both in the area to be studied and in the ra^on 
traveimd by the ice in reaching this area. The action of the ice in 
deploying, in eroding, and in forming the eeveral cUaeee of its 
deposits depended largely on the configuration of the bed-rock sur- 
face overridden by it. For a knowledge of the character of this sur- 
face beneath the drift a study should be made of the Htfeame with 
reference to their continued occupancy of or diversion from their pre- 
glacial coursee. For this purpose the character, locations, and di> 
meneions of rock gorgee, falls, and rapids should be examined with 
reference to the broader parte of the valleys that are now wholly ot 
in part filled with drift. Records of nells and other drillings aSord 
the means of tracing these buried watercourses. The study of the 
relations and dimenaions of the earlier and later watercourses and 
the presence of glacial drift, loess, and lacustrine or other deposits 
in them may afford measures of the time elapsing before, between, 



The composition of the drift in various parts of an area depends 
on the character of the rock formations overridden, so that the two 
should be studied together. The presence, as constituents of the 
drift, of rocks not otherwise known to occur in the region {such as the 
occurrence of diamonds in the drift of the Mississippi Valley) may 
also give clues as to their character and locations. Rough analyses 
of the lithologic composition of the drift may readily be made by 
taking indiscriminately from a section of drift one to several hun- 
dred pebbles and sorting according to theii character. In doing 
this, however, note should be taken as to the contribution of friable 
sandstones, soft shales, etc., which are easily comminuted but do 
not persist as pebbles or bowlders. 

Study of the distributiou, structure, composition, and mode of 
origin of the several forms of deposits made by glaciers and their 
attendant waters, besides its general application, affords the means 
of working out the details of local geologic history and of explaining 
many features of the topography which are of great interest, espe- 
cially in educational work. r 
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Ezposune of lntei||)acial sqUb and v«g«tAl deponta are nti^y 
seen and where found should be carefully Mndied, M the included 
«igamc TOBains nwy afford impoitant evidence «s to tite duaate 
Ukd oonrnqaent probable akImA of de^aciation of the region. THit: 
location of such a deposit relative to iti distance from the maigiii 
et the overiying drift may have tike itnpi»t, e\«a if the d«paeft 
ii not expooed bat only known to have been penetrated in drUHneB. 
Where no orgMiic remaine occur the i«gree of weatheriag Bod of 
leaching of calcareous drift in connection with a buried soil may 
afibid data as to dte interval elapsing between the melting of the 
cadiar dteat and tfa« burial of the drift by subsequent deposition. 

Sciwdule 4 (p. 133) indicates phenomena on which obswvations 
tfaoold be made whei« theve is opportunity. 

[nTsMigatkn of Piwwnu ajid Semipreoiani Hetalli&nniB DapMdtK 

After as thorough a atudy of the general geology of the district as 
possible has been made, the foUowii^ points in comiection with the 
ore deposits should receive special attention; 

Openings in rochs. — Since most ore bodies are deposited by aqueous 
solutions, the channels through which euch aoIutiooH circulate are of 
great importance. An opening of any kind may serve as the seat of 
ore deposition. A cave in limestone, a permeable bed such as a 
sandstone, a conglomerate, or an am^daloid may furnish the open 
spaces necessary, but most of the metalliferous ore deposits are 
related to openings which have resulted from movement. It is 
desirable to study the character of the openings and their relations to 
each other, to jointing, and, if they are in sedimentary rocks, U> 
bedding. It is not always possible to obtain data regarding the 
fissure itself, for processes which attend deposition frequently ob- 
scure the evidence of fissuring and the ore body may be the only 
evidence of the opening which remains. ThiB is especially true of 
replacement veins in limestone. 

In some places certain rocks have been formed more recently than 
the ores, and where this is so it is desirable to establish the tact as 
definitely as possible, for it is obviously of great economic importance. 
Again, some rocks because of their greater crushing strength ate 
better adapted to holding fissures open than are other rocks. A 
porphyry, a limestone, or a quartzite may have a high cruahii^ 
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strengtli tmd ao bold the fiaeure open and penoit mmeralizatioa, 
whereaa in shale, wkieb is more laobtle, tixt opening may be cloead. 
It ie imp(Hrtant, thoiefore, to note any changee in the character of the 
lode 06 it pasBea from (me rock to aaotiier. 

Fissiuea more recent than the ore body may croae it and biecciata 
tiie oie. Theee ahould be carefully studied and located on the mina 
map. If there has been dieplacement along them, its chancter, 
direction, and ext^it ahould for obvioua leaeons be studied with 
especial care. For convenience the veins have been divided into 
aiiaple fiseure fillings and replacement or melasomatic veins; but it 
should be borne in mind that the two clasBes are coimoct«d by tran- 
sition forme. 

Simple fitmtfe fiUiyigi. — The wall rock of an ore body has Dearly 
always been changed by the aolutioas which deposited die ore, but 
if the country rock is not extensively replaced fay ore minciala the 
vein may be called a fiasuiG filling, (a) The thin , tabulae form ia 
more or less characteristic of such a deposit. (6) The contact with 
the country rock ia usually sharp and distinct, (c) Angulat frag- 
m«tts of the walls which were broken off and lotted in the vein may 
be but little altHted, so that their edges still remain sharp, (d) Oavi- 
tias with crusted banding and weU-formed cryetate pointing to the. 
center may ordinarily be taken as good evidence that the ore waa 
deposited in an op»i space, and cruBtiForm faandtog of tb« vein par- 
allel to the walls ueually indicates the same thing. 

Many of the flMure veins in the West were fomted at moderate 
depth and in open spaces which presumably connected freely with 
the aurEace. Certain minerals are formed under audi conditions and 
theee are discussed bri^y on page 112. 

lUfdac^runt twww. — Replacement veins have been formed by solu- 
tiima which circulated through openings in rocks but whkdii. alao had 
the power of dissolving the waU rock and replodng it with ate. AU 
rocks are replaeeabldundw aome comditiMU, bwt a given solution will 
not aa a rule replace all kinds of rock. ReplacMuent veins may' 
thwefbre be found in igneous rocks, m Umettcnes, in quartiitce, or in 
duies, but it is rarely that all these roeha aie retraced in one mining 
distnct. 

The openings throi^i whi^ the solutionB eirculaled may h""" 
been very small, while the resulting deposit is comparative^' 
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Still, the deposits are related to fissuiea and in a btoad way they re- 
•emble fissure fillings. Many of them are thin tabular in ionn, but 
they are apt to be much leas regular in detail than fiasure fillings. 
(a) The nodular shape due to irregular sweUings along both dip and 
strike is more or lees characteristic, (b) The contact with the wall 
rock is as a rule gradational and not sharp and distinct as in fissure 
fillings, (e) Small angular fragments of the country rock sur- 
rounded by vein material are not often found insiichdepoenta, except 
where there bea been, brecciation since the ore was formed. Ob- 
viously such small pieces of replaceable rock would have been VOTy 
readily attacked by the replacing solutions, (d) Cavities are some- 
times found in such deposits, but they have been formed by move- 
ment or by solution since the ore was deposited or they repreaent 
unfilled portions of the opening along which the replacing solutions 
circulated, {e) At favorable places, especially where dust has col- 
lected on the wall, it may be poasible to observe the bedding and 
jointing of the replaced rock in the ore body, which is in a broad 
way pseudomorphouB after the soluble rock. 

Many replacement deposite in limestone follow the original bed- 
ding of the rock. This may be due to varying permeability or 
BolubUity of beds. Very commonly the roof above such a deposit 
is a relatively impervious shale. Many beddii^-plane deposits, 
however, aeem to be related to planes of movement or bedding-plane 
faults. The irregular pockets or chimneys of ore replacing limestone 
may be puzzling, for the fiesurea or veinlets which lead to them may 
be very smaU indeed in comparison with the chamber of ore, but 
when they are worked out completely some opening through which 
the solutions may have entered is nearly always found. The min- 
erals <^ replacement veins do not always differ markedly from those of 
fissure filling. Replacement veina as a class are connected by all 
gradations, both of form and mineralogy, with filled veins on the 
one hand and with replacement deposits of contact-metammpbic 
origin on the other. 

ReplacemeiU dtpotitt of contact'WeUanorphic origin. — These deposits 
occur in various rocks near intrusive igneous masses, but particularly 
in limeetonee. As a rule they are at or very close to the contact, 
but Home are known several hundred yards away. The ore minecab 
are so intergrown with silicates characteristic of contact-metamorphic 
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action as to show that all were formed contemporaneoualy under the 
influeDce of the hot igneouB mass. In shape the ore bodies are very 
irregular in detail, and most of them are not clearly related to fie- 
Buring. The Bolutions which deposited them were so hot and under 
BO great preaBure that presumably they could penetrate such minute 
openings as the interstitial spaces between grains or the cleavage 
cracks of minerals. The deposits therefore do not depend so di- 
rectly on fissuring of the country rock and they may not be even 
broadly tabular. Some of the minerale formed in Buch depoaite are 
discussed below. 

Mineralogical study. — The minerali^y of the ore should be studied 
both for flcientific and practical purposes. The value of the ore may 
be ascertained partly by a knowledge of the value of the minerals 
contained, but frequently assays may be necessary if accurate infor- 
mation oa this point be deeired. The mineral composition will also 
suggest suitable metallurgical processes for saving the values, and 
any data at hand should be recorded for the use of the metalluigist. 

Investigation has diown that, although most minerals may form 
under various circumstances, certain minerals and particularly cer- 
tain groups of minerals are characteristic of certain physical condi- 
tions. They may accordingly be used as indicative of the condi- 
tions under which ores containing them were deposited. Linden" 
gives the subjoined list o£ persistent minerals. Since they are 
formed under many conditions thoy have little diagnostic value in 
showing the genesiB of a deposit. They are pyrite, chalcopyrite, 
bornite, arsenopyrite, galena, zinc Ijleude, gold, quartz, fluorite, 
and muscovite. 

Minerals more or lees characteristic of contact-metamorphic de- 
posits and veins deposited under great temperature and pressure 
are, according to Lindgren, pyrrhotite, magnetite, epecularite, gar- 
net, andalusite, staurolite, tremolite, diopside, epidote, sokpoUte, 
tourmaline, etc. 

The following minerals, in addition to the peiBititent miueials, 
may be found in fissure fillings or in replacement veins formed 
at relatively low pressure; Uarcasite, cinnabar, telluridee, silver 
and copper arsenates and antimonates, stibnite, argentite, chlorite, 

a The raUtloa of ore deposition to phyidcU condition: Econ. Oaology. vol, 3, 
U0T.P.10S. , 1^. 
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epidote, adulam, celeetite, dolomite, siderite, etc. Amoi^ t&e jnin- 
entls wMch may result frtan secondary enrichment or other procwBOB 
thftt are d^endent on oxygenated waters are quartz, chalcediaiy, 
Hmonite, pyrolueite, cuprite, kaolin, gold, silTer, copper, pyrite, 
g&leoa, chalcopyrite, bomite, covellite, chalcodte, argentite, with 
milphatee, carbonatea, phosphates, arBenatee, and chlorides of the 
metals. 

Secondary ■enrichmm.t. — Aa a depoeit is eroded some mineralB go 
into solution more readily than others. Gold, which is relatively 
insoluble, may remain, while some of the other constituents are re- 
moved . Thus a concentration takes place. As the sulphides oxi- 
dize sulphate solutionfi are iormed and these may dissolve small 
quantities of the precious metals. If the lode is much fractured tHo 
descending sulphates may be reduced, the solutions depositing part 
of their burden in the cracks of the lode. Thus these tracturec in 
the lode will contain a set of mineialB some of which are different 
from those of the primary ore. Theee minerals are included in the 
list of secondary minerals given above. It may happen that the 
deposit is explored in depth beyond the point where it is extensively 
fractured or beyond the point to which oxygenated waters descend; 
in this case the primary minerals alone will be found. It is obviously 
important to note the differences in value of the primary and sec- 
ondary ore, BO that some general recommendations as to the desir- 
ability of exploration in depth may be made. 

Pofi shoots.— Few veins are payable through the entire length of 
the strike or dip, the profitable ore being ordinarily limited to a 
certain portion of the vein. Such masses of valuable ore are called 
pay Bho«tB and in many veins form tabular bodies of fairly regular 
elongated outline, lite inclmation of a pay shoot from the hori' 
zontal' on the plane of the vein is ealled the pitch. Its longest di- 
mension is called the pitch length; tbe term "stope length "ref^s 
to its horizontal dimension along the drift following it. ^y ^oet» 
may rwwlt from primary deporition or from secondary enrichment 
by surfaee wateis. The coigin of paj shoots is not always eMy to 
ascertain. Many of them may b« attributed to mingling (rfth&selu- 
tions which depomted ti»e priaiAry ««■. The enriched portion of the 
deposit is often found along or in close proximity to intersections of 
two fissures that were paths for circulation. An intersectioa of a. 
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liBsure and a bed which for chemicaJ tmd phydcal reasons is favorable 
to deposition may also be a locus of enrichment, 

Commerdtd and metallurgiad amtideraiMnt. — Wood, water, pOWM, 
and facilitiea for traueportation are important consideiations in min- 
ing development. The success or feiiluie of a camp sometimes de- 
pends on the success or failure of a metallurgical process. Gold ores 
of very low grade may be worked by cyanide prooeesee, for the coat 
of treatment is often not more than J2 or fS per ton. Silver ores 
are more expensive to treat, even if the values are in native silver, 
horn silver, and ailver sulphide— minerale which may yield their val- 
ues on amalgamation in pans without roasting. On the other hand, if 
araenates, antimonates, and other undesirable elements are present 
the ore must be roeated before amalgamation, and the milling costs are 
then likely to be considerably higher than $6 per ton. Zinc blende 
in ailver ores is detrimental where silver ores are shipped to amelteis. 
Highly siliceous ores are expensive to smelt because they require 
more fiux, but very highly siliceous ores may be used for lining 
copper converters and for that reason may have additional value. 
Ores rich in iron and lime have a low treatment chaige, for these 
elements are good fluxes. Although the geologist is not supposed 
to be a melallu^cal expert, he should record such information re- 
garding the treatment of the ores as be can gather in the course of 
his proper work. 

Inveatigation of Placer Deposits. 

The study ot the general geology in connection with placer deposito 
difiers in no way from that of other field work, except that special 
emphasis should be laid on the investigation of (a) the distribution 
of the mineralization in the bed rock from which placer depomta 
have been derived and (b) the distribution and genesis of the 
alluvium. In connection with the latter subject the geologist is 
renunded that a careful search for fossils should be made and aleo 
that physiographic studies may yield valuable results. 

Every eSort should be made to obtain a complete and detailed 
tection ot the deposit in which the valuable mineral occurs, from 
the surface to. bed rock. If ponible, such a section should be 
obtained by personal observation and actual measurement. If 
this is not possible, the olMervations should be supplemented by 
44014—08—8 
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data obtained from mine operators, such as records of shafts, diUl 
holes, etc. The section should show the details of (a) the cover, ot 
overburden; (6) the pay streak, or that portion of a depoait carrying 
the mineral sought after; and (c) the floor upon which the pay streak 
rests, including a statement of ila aurface configuration, texture, 
lithoiogy, etc. In addition to these vertical sections, attempts 
should also be made to learn the horizontal distribution of the 
deposit, together with their relations to the topc^raphy. In all 
this work drawings ahould be made allowing det&iled vertical and 
horizontal relatiomi of important features. 

One of the most important economic results to be achieved is an 
estimate of the extent and value of the placer deposits. Such 
inforroation is none the less valuable because as a rule it is not 
published, for the geologist can intelligently discuHa the probable 
life of any particular placer-mining district only by having data 
at hand which will yield some information in regard to both the 
cubic content of the deposit and the contained values. Effort 
should therefore be nutde to ascertain the facta bearing on this 
subject, and much of the information must necesaanly be obtained 
from the mine operators. 

Data bearing on the water supply available for mining purposes 
should be collected, and in this connection climatic conditions, 
such as rainfall and temperature, should be considered. As in 
other mining operations, the question of fuel and timber supply 
is important and should receive consideration. Facts which will 
permit the preparation of an accurate account of the history of the 
discovery and development of the mining district shoiild also be 
procured while in the field. With this work should go the collection 
of information on production, especially in the older districts, 
where reliable statistics of output are usually not available from 
published reports. Cost and methods of mining can not be intel- 
ligently discussed if the data in regard to price of labor, transporta- 
tion, and supplies are not at hand, and these subjects should there- 
fore receive attention. This investjgation will necessitate a con- 
sideiation of the geographic position relative to navigable waters, 
railways, wagon roads, trails, etc. 
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InTeitigation of OU and Ou Fields. 

A comprehensive knowledge of the geneial geology — especially of / 
the etratigraphy and structure — ia hi^y essential as a basis forwoik 
on oil and gas fields. The stmtigraphy must be known in order to 
interpret well logs correctly and to determine (a) the choiactei of the 
oil or gas bearing stratum and its capacity for holding and yielding 
the hydrocarbons and (b) the character of the overlyii^ beds and theii 
adaptability for retaining these compounde. The beds concerned as 
reservoirs and cover should be carefully studied and their thickneas 
determined on the outcrop. This may be at a considerable distance 
from theoil or gas pool, and the beds should be traced from theoutcrop 
to the pool under inveatigation by the collection of as many lo^ of 
wells in the intervening region as possible. In general the collection 
of logs of wild-cat wells outside of the productive territory is espe- 
cially desirable. The importance of structure is such that it must be 
deteru-ined with a much greater degree of accuracy than is generally 
necessary forotber purposes. Id most oil and gas fields the structures 
are not sufficiently pronounced to be traced by determinii^ dips witii 
a clinometer. It is therefore necessary to connect the outcrops of 
some easily identifiable bed by level lines, which are also tied to all 
wells whose logs can be obtained. The method of obtaining, from 
surface observations and well logs, a contoured representation of the 
oil or gas sand is fully explained by W. T, Griawold in Bulletin No. 
31S and should be familiar to the geologist working in fields to which 
it is applicable. 

In certain oil fields — for example, in southern California, where the 
oil occurs in poet-Paleozoic rock»— the structures, both folds and 
faults, may be so strongly developed that they are readily determined 
by ordinary means and wittiout leveling. In others, as in soutbeast- 
em Texas, no means are available for determining structure except 
iba well logs and surface relief. The relief should therefore be 
minutely examined, tt^ther with all indications furnished by min- 
aal springs, oil seeps, etc. 

Tact is required in obtaining information from operators and drill- 

They diould be impressed with the benefit to themselves that 

will result from the assembling of all available information regarding 

ihe underground conditione of the field and with the neceemty for 

n,3t,7=^- In Google 



116 HANDBOOK FOR SIEU) OBOLOOIBT8. 

tbeir cooperatioii. They ehould be OBnired that confidentoal iufoT' 
mation will not be divulged under any circumBtances and must never 
be given ground for complaint on this score. Explicit permiflmcHi 
should be obtained from the owner or superintendent before ques- 
tioning drillers, but when it ia obtained they should be queetioned 
thoroughly. 

Sobedules. 

The following schedules cove 
cloBBee of depoedta which will c 
geologists. Observations on other depoeitj) should follow the genenl 
lines indicated in these scheduloa. 

A. Pure geology: 

1. Description and interpretation of land forms. 

2. Petrology. 

3. Structure. 

4. Glaciers and glacial depomta. 

B. Applied geology: 

6. Precious and semiprecious metalliferous ores. 

6. Placer deposits, 

7. Iron ores, ocher, manganese ore, and bauxite. 

8. Stone: (a) Sedimentary rocks; (6) igneous rocks. 

9. Road materials: (a) Rock; (b) gravel. 

10. Cement materials and lime. 

11. Clay and shale. 

12. Sand and gravel. 

13. Coal. 

14. Oil and gas. 
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BOHEDULI 1.— DeicrlptlonMidlnteipTetatioiLafluidfaniU. 

1. Location: Dutrict, quadrangle, map reference. 

2. KflUef. 

I. Qaneral. 

(1) Amount with reference to eea level and local grade 

(2) Character — plain, plateau, mountain; proportion <A 

each kind. 

(3) Aieal relations (often beet illustrated by aketch). 
JI, Component parts. 

(1) Upland: (a) Area of undiseected surface and ground 

plan; (6)slDpe — direction and amount; (c) relation 
to structure and lithology— faults, folds, texture, 
etc.; (J) residual destructional forlue — monad- 
nocks, old stream channels, benches, scarps, etc.; 
(«) residual constructional tonne — terraces, deltas, 
dimea, beaches, fane, lava Sows, volcanoes, etc.; 
(/) soik and vegetation; {g) origin — glacial, map 
rine, eolian, fiuviatile, lacustrine, volcanic, etc. 

(2) Valleys: (a) General aieal distribution; (6) size ot 

main and side valleys and ground plan; (e) slope 
of walls and floor; (J) relation to structure and 
lithology; (e) conBtructional and destructional 
forms; (/) relation of size of valleys to size of 
streams; (g) captures and incipient captures; (h) 
stage of development— young, mature, old, etc.; 
(i) soils and vegetation; (J) origin. 

(3) Spurs: (a) Size; (b) shape — skeletal, masive, fac- 

eted, straggling, etc.; (c) slope — smooth, steep, 
benched, irregular, etc.; (d) relation to structure 
and litholc^; («) origin. 
ni. Relation to adjacent regions or types: (a) Ctradual merg- 
ing, boundary ill defined; (b) terminated by the 
sea, folding, faulting. 
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. Relation of environment to life. 

I. Man: (a) OccupationB— mining, grazing, agriculture, 
hunting, etc.; (b) conBtnictions— roEide, lailroade, 
ditches, buildings, wells, power plants, etc.; (c) 
peculiar charactera. 
II. Animals and plants (very brief treatment of larger chatac- 
ters only): Rinds, distribution, peculiar chaiacten. 
. Historical siunmary. 

I. Fh^ographic cycles: (a) Number and extent; (b) stage 
reached iu each — youth, maturity, etc.; (c) forms belong- 
ing to each; (d) origin. 
n. Interruption of cycle caused by (q) uplift — doming, fold- 
ing, faulting, etc.; (b) depression — folding, faulting, dif- 
ferential tilting, etc.; (c) volcanism — extrusion, erup- 
tion, effusion, etc.; (d) climatic change — glaciation, 
deglaciation, desiccation, increased precipitation or 
run-ofi. 
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SCHEDTIII S.—VetxiAogy. 

1. Location: (a) Quadrangle or other map reference; (6) with ref- 

erence to topography; (c) natiire of exposuree or section, 
method of meaaurementa — horizontal, vertical, angular. 

2. Igneous rocks. 

(1) Petrographic character: (a) Mineral compOBition; (6) tex- 

ture; (c) variations in comporitioa and texture; (i) 
Bpecimen numbers. 

(2) Mode of occurrence: (a) Form— batholith, laccolitb, sheet, 

dike, neck, etc.; (6) size; (e) position. 

(3) Relations: (a) To other igneous rocks; (b) to other forms 

of the same rock; (c) to associated sediments; (it) inclu- 
sione. 

(4) Contact metomorphiBm: (a) In the igneous rock; (&) in 

the associated rocks — alteration of form, addition of 
mineral aubstance, substitution of mineral substance 
(injection). 

(B) Becompofdtion: (a) Hydrothormat; (6) decay; (c) mechan- 
ical disintegration; (d) character of resulting soil. 

(6) Origin (interred): (a) Plutonic; (6) eSusive. 

3. Sedimentary rocks. 

I. Clastic rocks; make numerous detailed measured sections, 
observing and noting — 

(1) Petrographic character: (a) Essential constituent min- 

eral grains — size, shape, color, arrangement, eto.; 
(6) acceaaory constituents; (e) cement — primary or 
secondary; (d) veins — composition, amount, color, 
etc.; (e) color — original or secondary; {/) specimen 
numbera. 

(2) Bedding: (o) Beds — thickness, uniformity, regularity, 

relation to size of grains, etc.; (b) bedding planee — 
mud covered, micaceous, ripple or current marks, 
mud cracks, rain pits, trails, boring, tracks, fucoida, 
etc.; (c) croas-beddiag — dip, direction, eto. 

(3) Foasile; make abundant collections and observe (a) 

distribution; (6) position; (c) if waterwOTn; (d) in 
pebbles, eto. 
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3. Sedunentary rockB—Continued. 

I. Claetic locks — CoDtinued. 

(4) Concretions: (a) Gompositioii — siliceouB, calcareous, 

phoephatic, pyritic, etc.; (b) form, distribution, 
abundance; (c) relation to particular beds, to foBula, 
etc. 

(5) UnconfoirmitiM: (o) By erosion ot under bods; (6) by 

overlap of upper beds; (c) angle; (d) extent— gen- 
eral or local; (e) relation to conglomeratea, 

(6) Special stnictures: (a) Contorted beds; (6) indigenous 

conglomerates; (e) lenses, etc. 

(7) Origin (inferred); (a) Source of materials; (b) agency 

of transportation and deposition-:— marine beach, 
streams, wind, glaciers, etc. ; (e) conditions at 
source of material and point of deposition. 

(8) Classification and correlation: (a) Formation namei 

(b) limits ; (e) compare and contrast with correspond- 
ing sections elsewbere. 

II. Cbemical and oiganic rocks. 

(1) Petn^rapluc character: (a) Essential mineralogical 

constituents; (b) accenory constituenta; (c) tex- 
ture; {d) variations in composition and t«xture; («) 
color — original or secondary; {/) specimen num* 
bers. 

(2) Beddii^: (a) Beds— thickness, uniformity, r^ulai- 

ity; (b) bedding planes. 

(3) Fossils; make abundant collections and observe (a) 

distribution; (b) relation to composition of beds, 

(4) Concretions: (a) Composition; (b) form; (c) relations, 

etc. 
(6) Unconformities: (a) Erosion; (6) overlap; (c) extent, 
etc. 

(6) Special structures. 

(7) Origin (inferred): (a) Source of materials— essential, 

secondary; (6) conditions of deposition — conti- 
nental, estuary, inclosed bssin, plays, flood plain, 
Bwamp, etc.; marine, deep sea, littoral, reef, etc. 
(6) Classification and correlation; (a) Formation name; 
(6) limits; (c) compare and contarast with corro- 
nponding sections elsewhere. 



SCHEDULE 3. — Strnetnre. 



(1) Fftcta to be observed: (a) Of the becb— -dip, atrike, waving, 

etc.; (b) of the stntctiue aa a whole-length, regularity, 
terminationa, relation to faults, folds, relation to topogra- 
phy, etc. 

(2) CQaasiflcation based on observation and inference — drnple, 

warped, faulted (baedn-tange structure). 
S. Folds. 

(1) Facta to be obaerved: (a) Of beds— dip, atrike, crumpling, 

thinning; (&) of asee— position, direction, pitch; (e) ol 
the folds as a whole— length, regularity, overlapping, 
relation to top<^niphy, etc. 

(2) CUasiflcation based on observation and inference — order of 

mi^itude (major or minor), aymmetrical or unaym- 
metrical (axial plane, vertical or inclined), overturned, 
closed (isoclinal), domed (quaquavenal), croas, pitching, 
^helon, faulted, etc. 
4. Faults. 

(1) Facta to be observed; (a) By direct observation where 
exposures permit — dip or hade (complement of dip), 
strike, throw, brecciation, drag, alickensides, relation to 
bedding, relation to other structures (folda and faults), 
joints; (6) by indirect determination where expoauree 
are poor—dip, strike, throw, direction of displacement, 
length, regularity, relation to other structures and to 
top<^7aphy (scarps, stream courses, etc.). 
(2) Gaaeification based on observation and inference — order of 
magnitude (major or minor), normal (dip toward down- 
throw), reverse (dip from downthrow), lateral (movement 
tangential), overthrust, warped, etc. 
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5. Joints and fissuree. 

(1) Facta to be observed: (a) Dip, strike, spacing, extent, uni- 
formity (curved or straigbt), etc.; (b) relation to bedding 
and lithologic cbaracter; (c) mineralization; (d) different 
Byetems, character of intereectiong, relative age; (e) rela- 
tion to otter HtructureB, folds and faults, etc.; (/) efiect 
on eroeion, character of topc^raphy, stream courses, etc. 

6. Metamorphism (dynamic). 

(1) Facts to be observed regarding structures resulting from 
metamorphiBm: (a) Attitude — dip, etrilce, regularity, etc.; 
(6) relation to bedding, local folds, general structuroe; 
(e) mineral changes — component minerals, original min- 
eralfl (inferred), nature of change (addition, subtraction, 
or recombination), psisllelisin and rotation of mineiala, 
augen, atriation, granulation, banding, pitch (pencil 
structure), etc. 
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SCHSDTTLX i. — aikden and iJkdal dapodti. 

1. Location: IIa,p reference or deecription. 

2. Kind: (a) Mountain; (6) continental. 

A. Mountain glaciers. 

I. Ezieting glaciers: (a) Condition— advancing, fltation* 
ftry, retreating; (6) Burface, crevaffleB— chamcter and 
extent; (e) margins — lateral, terminal, relation to 
n6v6, betgachrund; (if) activity in eroding, trans- 
porting, depositing; (<) relations to surrounding to- 
p<^;raphy, other glaciera, etc. 
II. Former glacien: 

(1) Extent: Inferred from (a) erooon forms; (6) de- 

pod ta. 

(2) Readvanc^: Overridden (a) outwash depodts; 

(6) lacuatrine depodts; (c) marsh or foredi. 

III. Deposits: 

(1) Moraines: (a) Class—terminal, medial, lateral, 

ground; (6) distriliution, siee, structure, com- 
poeition; (c) relative etrer^th and spacing of 
inner moraines; (d) presence of material for- 
eign to basin. 

(2) Extnunorainal deposits (outwash): (a) Charac- 

ter, coarseness; (6) relation to present stream 
terraces, etc. 

(3) Glaciolacustrme depodts: (a) Beaches, deltaa, 

etc.; (b) distribution, structure, compoaiUon, 
etc; (c) relation to other glacial depodts. 

(4) Evidence of relative age; (q) Weathering; (6) 

erosion. 

IV. Erosion: (o) Strise; (i») rock basins; (c) roches mouton- 

n^s; (d) cirques; (e) U-shaped valleys. 
V. Hai^ng valleys. 

B. Pleistocene continental glaciation. 

I. Direction of movement: (a) Striations; (b) stosa and lee 
slopes; (c) trend of drumlins, eskers, etc.; {d) ttsaa- 
portation of erratics. 
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2. Kind: (a) Hoimtnin; (b) contmental — Continued. 
B. Pleistocene contmentol gladation — Continued. 

II. EroRon featuieB: (a) Olaciated Borfacefl — planing, pot 
iahing, striation, fluting, chatter marks, gougisgi 
rock basinB, roches moutonn^ea, etc.; (&} plucking — 
relation to jointB, bedding, schistosity, etc.; (e) ef- 
fects of structure and lithologic character; (d) 
Eunount — variation . 
m. Ice puHb: Folding, crumpling, or other dislocation of 

consolidated or imcongolidated beds. 
IV> Deposits: Composition and structure of each class'. 

(1) Iforaiues: (a) Terminal— surface form, relatitxi 

to underlying facial deposits, relation to pre- 
glacial topography, reentrants and lobationa; 
(b) recessional — relative strength, spacing, n- 
lation to other glacial deposits; (c) interlobate. 

(2) Drumlins, eskers, kames; (a) Form, size, orien* 

tation; (6) distribution relative to glaciated 
area; (c) to terminal morainea; (d) to Other 
drift features; (<) to preglacial topography, 

(3) ExtranuuginaL deposits: (a) Glaciofluvial — out- 

wash deposits; (b) glaciolacuetrine — beaches, 
bars, deltas, etc, 

(4) Associated loess: Relations to glacial drift, to- 

pography, and drainage lines. 
V. A«e of drift: 

(1) Not overlain by later drift: (a) Oxidation; {b) 

leaching; (c) solution of limestone fragments; 
(it) decay of crystalline rock fragments; («) 
induration. . 

(2) Overlapping drift sheets: (a) Weathering and 

erosion of earlier prior to depomtion of later; 
(b) intercalated soil, peat, forest, marine or 
lacustrine beds; (c) difierence in composition 
due to difierent origin; (d) relation to loess. 
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SCHESTTLX S. — ^edoiu and Modpracloiu metalliferaiu orw, 

1. Location: (o) District; (b) name of rlf-'"i or mine; (e) map lefdr- 

ence; (d) names of owner, operator, and superintendent. 

2. Goologic relatione. 

(1) Bock formations (see Schedule 2): (a) Igneous, sedimen- 

tary, metamorphic; (b) contact relations; (e) age. 

(2) Structure (see Schedule 3). 

(5) Uetamoiphiam: B^onal, contact, hydrothermal. 
(4) Weathering.' 

3. Ore deposits. 

(1) Outcrop: Leached, enriched, oxidized, yielding placers, 

etc. 

(2) Form; Tabular, elongated cylindrical, lenticular, pockets, 

Btockworke, in^^ukr masses, etc. 

(3) Attitude: Dip, strike, pitch, etc. 

(4) Position with reepect to fissuring, fenltiDg, ekeeting, bed- 

ding, etc. 

(6) Distribution with respect to (o) age and kind of rocks; (6) 

eystem and age of fissuree; (c) zones of contact meta- 
morphism, etc. 

(6) Minerab: (a) In vein and wall rock; (6) vertical variations; 

(e) Kbtions to each other and to fracturing of vein; (d) 
lower limit trf oxidation; (e) level of ground water. 

(7) Genesis, based on observation and inference. 

(A) Superficial: (o) Placers and residual deposits (see 

Schedule 6); (6) depositH formed by precipita- 
tion and allied procesBes. 

(B) Incloeed:(ii)Contemporaneouswithindo8ingrock*— 

sedimentary or magnetic; (6) introduced by solu- 
tiona— contact-metamorphic replacement deposits 
replacement veins and related deposits, fissuraa 
and other cavity fillings, impregnations and di^ 
seminations along favorable beds, etc.; (e) peg- 
matite vein& 
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3. Ore depoeita— CoBtioued. 

(8) Rky shoots: (a) Primary or Becondary; (6) variation in min- 
eralogical character with depth, upper and lower limita; 
(c) positioD with respect to the deposit as a whole, to fis- 
sures (especially to their intersections), and to changes in 
wall rocks. 

4. Conditions affecting mining: (o) Topc^raphy, accessibility, trana* 

portation facilities, building sites, dumps, etc.; (b) supplieB— 
timber, water, fuel, power, etc.; (c) climatic conditions — v/ork- 
ing season, frozen ground, etc. 

6. Development. 

(1) Surface equipment: (a) Hoist— bucket, cage, skip; (6) 

tramways — surface or aerial, length; power. 

(2) Uine equipment: (a) Shaft — size, depth, number of com- 

partments, equipment, pumps, etc.; (b) incline — slopei 
direction, length, depth, equipment, etc.; (c) tunnel — 
length, size, etc. ; (d) winzes, upraises, and chutes— num- 
ber, position, length, uses; (e) levels— number, diSerences 
in elevation, depth below surface, etc. 
4. Methods: (a) Mining — underhand stoping, overhead atoping, fill- 
ing, rooming, caving and slicing, etc.; (b) timbering; (e) drain- 
ing; (d) ventilating. 

7. Disposition of ore: (o) Shipped to smelter— by wagon, mil, water; 

(&) treated in mill — by stamping and amalgamation, cyaniding, 
chloridizing, pan amalgamation, roasting and pan amalgama- 
tion, leaching proceeses, concentration, etc. 

8. Hiatory of discovery and development. 

9. nodnction; Total and annual so far as available. 
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BCHEDITLE 6.— TUoer dapodt*. 

1. Location: (a) Diatrict, State, county, etc.; (6) name of claim; 

(c) map reference; (d) name and address of owner or operatoi. 

2. Geologic relatione. 

(1) Rock formations (see Schedule 2). 

(2) Structure (see Schedule 3). 

(3} Uetamorpbism.: (a) Nature — r^onal, contact, hydrother- 
mal; {b) niineralized zones, veins, or other deposits of 
metalliferouB ores. 

(4)jWeathering: (a) Rock decay; (6) rock disintegration. 
S.l,Surficial._deposits. 

(1) Overburdenorcover: (a) Distribution and depth; (fr) strat- 
igrapbic relatione; (c) characters-size, shape, mid com- 
position of constituent materials; loose or cemented 
(nature of cement); {d) genesis — tnmsported (agency (d 
transportation and deposition) cs redduel. 

(2)^Fay streak or part of deposit carrying values; (a) Number; 
(6) position— vertical, horizontal; (c) Btratigraphic rela- 
tions; ((f) dimendons, shape, etc.; (e) character~-Bize, 
shape, and composition of essential constituent mate- 
rials; looseor cemented (nature of cement); (/) valuable 
minerals — percentage of each, physical character, size, 
luster, etc.; (9) distribution of values within the pay 
streak; (h) content or value per cubic yard of pay streak. 

(3) Floor or bed rock: (a) Configuration, slope, channels, pot- 

holes or other irr^ularities; (b) origin oE surface — ^oded 
or corraded (agency), glaciated, weathered (under resid- 
ual deposits), etc, ; (c) structure of bed rock (particularly 
jointing, cleavage, etc.); (<^ mineralogical composition, 
mineralization, weathering, etc.; (<) depths to which 
values are found in floor or bed rock. 

(4) Ground water (or ground ice) : (a) Depth and distiibutioa; 

(ji) amount and variation. 
4. Conditions affecting mining. 

(1) Topography, accessibility, transportation facilities, labor 
and w£^3, etc. 
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4. Conditiona afFecting mining — Continued. 

(2) W&tOT supply: (a) Volume; (b) Btream gradientB; (c) rela- 

tion to placer depoedta; (d) kind of conduito, dams, resel- 
voirs, etc., neceesary and cost of constniction, 

(3) Supplies of fuel, lumber, power, etc. 

(4) Climatic conditions; (a) Rainfall — amount and distribu- 

tion; (b) working season-, (e) frozen ground or other ex- 
ceptional conditions. 
G. IfetliodB and costs of prospecting and mimng. 

I, Pioapectiog; (a) Methods—pits, shafts, drill holes, drifts, 

open cuts, etc.; (6) cost per unit (cubic yard, aero, linear 
foot of shaft or drilling, etc.); (e) reliability of resulto. 

II, Mining. 

(1) Preparation of ground: (o) Uethods— clearing, strip- 

ping, ground sluicing, weathering, thawing, sink- 
ing, drifting, etc.; (b) cost per unit. 

(2) Excavating and handling. 

A. Open cut: (o) Manual— hand work with pick, 

shovel, and barrow; (b) hydraulic — ground 
sluicing, hydraulic elevators, etc.; (c) me- 
chanical — horse scrapers, power shovels, Ufts, 
conveyors, trams, hoists, derricks (for hand- 
ling bowlders), etc.; (d) cleaning bed rock. 

B. Drift: (a) Sinking and drifting— timbering, 

draining, thawing, etc.; (fr) hoisting — hand, 
horse, or power; (c) cleaning bed rock. 

C. Dre^: (o) Type; (6) power; (e) capacity. 

B. Cost per unit. 

6. Separation of valuable minerals. 

(1) Rocking and panning. 

(2) Sluicing: (a) DinieiiBionB,etc.,(rfsluiceboxes, grade, riffles, 

dump boxes, grizalies, under currents, etc. ; (b) distribu- 
tioD of values in sluice boxes; (c> disposal d tailings. 

7. Development: (a) Extent of workings, open cuts, shafts, drifts, 

area dredged, etc.; (b) character and vahie of equipment, 
including machinery, ditches, roads, building, et«.; annual 
depreciation of plant. 

8. History of discovery and development. 

9. Production: Total and annual so far as available, (~'(ina|i' 



BCHEQTTLE 7, — Iroa ores, ocher, mangaueM oie, and baicdte. 

. Ijocalion; (a) Map reference; (6) name of mine or pit, claim or 
property; (c) names and addreBses of owner or operator and 
superintendent. 

. Geologic relations. 

(1) Rock formationB {see Schedule 2). 

(2) Structure (see Schedule 3). 

(3) Metamorpbiam: Regional, contact, hydrothermal. 

(i) Weathering: (a) Decay— character, depth, producte; (6) 
disintegration . 
. The depositB; make sketches and photographs. 

(1) Outcrop: (a) Character, extent, etc.; {6) relation to topog- 

raphy. ' 

(2) Form: Shape and dimeneionH— veins, pockets, insular, 

bowl shape, dendritic, lenses, beds, etc. 

(3) Attitude: Dip, strike, pitch, etc. 

(4) Position with respect to (a) structuTes — faulting, sheeting, 

brecciation, jointii^, etc.; (6) particular beds; (c) other 
deposits of the same or other minerals. 
(6) Overburden: Depth, character, etc. 
[. The ore; collect samples for chemical and microscopic examina' 

(1) Composition: (a) Eaaential ore minerals; (6) accessory miner- 

als; (c) ore siliceous, calcareous, aluminous; (d) waste 
material — clay and bowlders of country rock (residual or 
foreign); (e) change with depth; {f) change with approach 
to country rock; (g) transition gradual or abrupt. 

(2) Physical character: (a) Form — compact, powder, granular 

crystalline, bowlder, gravel, shot, pisolitic, oolitic, con- 
cretionary, mam miliary, stalactitic, etc.; (6) variation, 
vertically and horizontally. 

(3) Gtadea of ore, proportion of rock and of waste. 

(4) Analyses; secure them whenever possible. 
44014—08—9 129 .>|c 
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4. The ore— Continued. 

(5) Oeneeie, based on observation and inierence: (a) Gossan of 
sulphide deposit; (b) oxidation or metamorphiffln of car- 
bonate; (c) weathered outcrop of femigiuouB oi man- 
ganiferouBrock; (d) deposited as vein filling, replacement, 
impregnation, or precipitate by (1) suriace or (2) spring 
waters; {e\ geologic age of depodt. 

5. Conditions affecting mining: (a) Topography, accessihility, 

transportation facilities, building Bit«s, settling basine, dumps, 
etc.; (b) supplies — timber, water, fuel, power, etc.; (c) climatic 
conditions — rainfall (amount and distribution), workup seaaon, 

6. Development (openings): (a) Surface pit or cut — taze, shape, 

depth, etc.; (6) shaft, slope, or tunnel — size, length, depth, 
equipment; (c) buildings— washer, drying shede, storage, power 
bouse, etc. 

7. Methods, actual or practicable. 

(1) Mining: Hand work, power shovel, drilling, blasting, etc. 

(2) Handling: Hand barrow, tram (surface or aerial), conveyor, 

elevator, chute (with or without water), etc. 

(3) Drainage, timbering, etc. 

(4) Preparation for market; (a) Sorting, hand picUng, cobbing; 

(6) screening — type and mesh; (c) washing — type, capac- 
ity; (rf) drying—air or furnace, type, capacity; (e) aver- 
se cost per unit product. 

8. Disposition of ore. 

(1) Uses: (a) For mebkb— iron, manganese, aluminum; (6) 

chemical products; (c) pigments, etc.; (d) fire briclE 
(bauxite). 

(2) Markets: (a) Demand and supply; (6) competition; (c) 

freight rates. 

9. Statistics. 

(1) Date of opening mine. 

(2) Amount and value of (a) average annual production; (b) 

production for last calendar year; (c) total production to 

(3) Estimate of tonnage remaining in the deposit. 

(4) Royalties, form of lease, option, value of land, etc. 
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SCHEDULE B.— atone. 



1. Location: (a) Map teferonce; (b) name of quarry; (c) neuest 

town and railroad statioa, distance; {d) name and addraes of 

2. Petrology. 

(1) Claaeification: Scieotific and trade namee. 

(2) Detailed aectiona, noting for each bed (a) tUcknew and 

texture; (b) color — freeh and weathered; (c) banding, 
spotting, mottling, etc. 

(3) Composition: (a) Eeaential constitueate, tarm and eiie of 

grains, cltaracter and proportion tA cement; (b) accessory 
constituents, especially those that are deleterious, as 
pyrite, etc.; (e) chemical compoaition— analyses by 
benches or average of quarry face. 

(4) Weathering: (a) Deptli; (6) character lA change; (c) char- 

acter of contact between weathered and unweathered; 
(d) character of eurfacea exposed at various distances 
from ordinal surface for determinable periods. 

(5) Workability: (a) Hardness and toughnees, freeh and weath- 

ered; (6) fracture; (c) ease of cutting— when fresh or sea- 
soned, with or across bedding. 

3. Geolt^c relatione. 

(1) Stratigraphy; (a) Formation names; (b) age; (o) associated 

rocks, dikes, etc. 

(2) Structure. 

(I) Of the general region (see Schedule 3). 

(II) In thequarry: (a) Dip, strike; (b) unconformity, cross- 

bedding; (c)folding, crumpling, fracturing, or fault- 
ing of beds; (if) joints— syHtems, spacing, direction, 
fllling, motion, alteration, staining, etc.; («) charac- 
ter of bedding planes — smooth, roi^h, clean, clay 
covered, micacsous, stylolitic, etc. 



132 HANDBOOK FOR FIELD GEOLOOISTfi. 

4. Conditions affecting quarrying, 

(1) Outcrops: {a) Form and extent; (6) relations to^topognipliy; 

(c) relations to bedding, structure, etc. 

(2) Overburden: (n) Cliaract«r; (6) maximum, minimum, and 

average thickness. 

(3) Quantity available: Vertical thickoees and areal extent of 

formation. 

5. Development. 

(1) Quany: (a) Date ot opening; (6) type — sidehDl, pit; (c) 

form and dimensions; (d) drainage. 

(2) Quarrying methods: (a) Strippii^; (6) drilling; (c) blaating; 

(d) channeling; (e) splitting; (/) handling. 

(3) Preparation for market: Equipment and methods for saw- 

ing, planing, dressing, polishing, crushing, pulverizing, 

6. Utilization, actual and possible. 

(1) Products: Dimension, rough (riprap), ballast, flagging, 

curbing, paving, abrasive (grindstones, whetstones, etc.), 
macadam, concrete, cement, lime, flux, glass, gaqister, 
fertilizer, etc. 

(2) Sizes: (a) Obtained; (6) obtainable (maximum). 

(3) Tests for strength, hardness, absorption, (ire resistance, etc. 

(4) Markets, examplee of structures in which product has been 

(5) Transportation: (a) Shipping point; (6) haulage to shipping 

point; (c) mode ot transportation to market. 

7. Costs and prices. 

(1) Quarrying: (a) Average cost per unit quantity; (6) wages 

of unskUled laborers. 

(2) Preparation for market: Coat per unit for sawing, dressing, 

polishing, crushing, etc. 

(3) Transportation to market, freight rates. 

(4) Price f. o. b.: Avenge for various products and grades. 

8. Statistics; Quantity and value of (a) aver^re yearly production; 

(6) production for last calendar year; (c) total production to 
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iNSTancnoNS fob speciai. investigations. 



l.^Location: (a) Map reference; (6) name of quarry; (c) nearest 
town and railroad station: (d) name and address of owner. 

2. Petrology. 

(1) Ckasification: (a) Specimen numbeis; (t) Hcientific and 

(2) Microscopic characters: (o) BsBential minerab; (6) acces- 

sory minerals, especially such as are deleterious, aapyrite, 
etc.; (p) teiture or grain — crypto Or coaree cryatalline, 
porpbyritic, vitreous, etc.; (rf) secondary chaises due to 
replacements, contacts with dikes, etc. ; {«) inclusions, 
segregations, veins, etc, 

(3) Workability; (a) Hardneea and toughness — fresh and 

weathered; (6) fracture; (c) ease of cutting — when fresh 
or seasoned, with or across foliation. 

(4) Weathering: (a) Depth; (b) character of change; (c) cliar- 

acterof contact between weathered and un weathered; (d) 
cliaracter of surfaces exposed at various distances from 
original surface for determinable periods. 

3. Geoli^c relations, 

(1) Stratigraphy: (a) Formation name; (6) age; (c) associated 

sedimentary or igneous rocks, dikes, etc. 

(2) Structure: (a) Joints — systems, spacing, direction, filling, 

motion, alteration, staining, etc.; (6) rift, foliation, sheets, 
planes of separation — character, extent, direction; (c) ex- 
foliation; (d) dikes — character, size, direction, etc. 

4. Conditions affecting quarrying. 

(1) Outcrops; (a) Form and extent; (6) relations to top<^raphy; 

(c) relations to structure, 

(2) Overburden: (a) Character; (6) maximum, minimum, and 

average tliickness. 

(3) Quantity available. 

5. Development. 

(1) Quarry: (a) Date ot opening; (6) type — sidehill or pit; (c) 

form and dimensions; (if) drainage. 

(2) Quarrying methods: (a) Strippii^; (6) drillii^; (c) blast- 

ing; (d) ciianneling; {«) splittii^ — pneumatic and hy- 
draulic; (/) handling. loir 
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6. Development — Contiiiued. 

(3) Frepantion for market; equipment and methods for drev- 
ing, polishing, crushing, etc. 
6. Utilization, actual and possible. 

(1) Products: OrnamsiLtBl, dimension, rough (ripmp), ballast, 

macadam, concrete, etc. 

(2) Sizee: (a) Obtained; (6) obtainable (maximum). 

(3) Tests for specific gravity, etrength, absorption, fire reaiat- 



(5) Tiansportation: (a) Shipping point; (b) haulage to ahip- 
pii^ point; (c) mode of transportation to market. 
. Costs and prices. 

(1) Quarrying: (a) Average cost per unit; (b) wages of un- 

skilled laborers. 

(2) Preparation for market; Cost per unit for dressing, polish- 

ing, crushing, etc. 

(3) Transportation to market; freight rates. 

(4) Price f.o.b.: Average for various products and grades. 

. Statistics: Quantity and value of (o) aven^ yearly production; 
(b) production for last calendar year; (c) total production to 
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SCHESTTLE 9.— Baad materi&li. 



1. Location:(a)MaprefeTence; (6)neareattownaQdrailroadBtation, 

distancei (c) name and address of owner. 

2. Petrology: (a) Sample number; (b) trade and scientific names; 

(e) maKimum, minimum, and average coarseness of grain; (d) 
texture; (e) color; (/) uniformity; {3) alterations. 

3. Geologic relatione. 

(1) Stratigrapby; (a) Formation names; (&) a^; (c) associated 

rocks, dikes, etc.; (d) photograph or sketch showing rela- 

(2) Structure: (a) Massive or bedded; (6) fissility; (e) folds; 

(d) fractures; («) rift. 
i. Conditions affecting quarryii^. 

(1) Outcrops: (a) Form and extent; (6) relations to topog- 
raphy, bedding, structure, etc. 

(2} Overburden: (a) Charact^; (b) maximum, minimum, and 
avenge thickness. 

(3) Quantity available; Approximate cubic yards. 
6. Development. 

(1) Quarry: (o) Dat« of opening; (6) number of openings; (c) 

form and dimensionB; (if)dTaini^. 

(2) Quarryii^ methods: (a) Number and kind of drills; (b) 

method of blasting; (e) handling. 

(3) Preparation for market: (a) Number and kind of crusheis; 

(6) sizes of crushed matwial produced; (c) percentage of 
each; (d) kinds of screens; («) stora^ facilities; (f) 
weight per cubic yard crushed. 
6. Utilization. 

(1) Shipment: (o) Shipping point; (b) hault^ to shipping 

point; (c) mode of transportation. 

(2) Uses: (a) Principal markets; (6) examples of roads con- 
■ structed of this materiri; (e) names and addresses of 

those in chai^ of construction and maintenance of these 
roads; (d) quality of such roads. , 
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7. Coats Etnd prices: (a) Average coet pei cubic yard of quarrying; 

(b) of crushing; (cj average prices of varioua grades produced, 
f.o.b. quarry; (ij) wages of uiiddlled laborers. 

8. Statistics: Quantity and value of (a) average yearly production; 

(6) production for last calendar year; (c) total production to 
dat«. 

9. Tests: (a) Resullfi; (b) by whom made. 

10. Soils, character of, in neighborhood. 

11. Other materials available in district for road construction. 



1. Location: (a) Map reference; (i) nearest town and railroad sta- 

tion, distance; (c) name and address of owner. 

2. Physical and petrographic character: (n) Maximum, minimiiTiij 

and average size of pebbles; (6) are pebbles angular or round; 
(c) kinds of rock constituting pebbles; (d) approximate per- 
centage of each; (e) character of matrix; (/) proportion to 
pebbles; (g) presence ot absence of stratification; (A) dip; (t) 
clay streaks or pockets; (j) do walls of pit overhang or stand up 
well; (jfc) uniformity of deposit. 

S.^Geologic relations: (a) Age; (b) origin; (c) associated surficial 
deposits; (d) relations to neighboring hanl-rock masses; («) to 
what extent are the gravels derived therefrom; (J) photograph 
or sketch showing relations. 

4. Conditions affecting development. 

(1) (a) Form and extent of deposit; (6) relation to topography. 

(2) Overburden; (a) Character; (6) maximum, minimum, and 

average thickness, 

(3) Approximate quantity available, in cubic yards. 
6. Development. 

(1) Pit: (a) Date of opening; (b) form and dimensions; (e) 

drainage. 

(2) Excavating: (a) Mechanical excavators — number, Undf 

and capacity; (b) method of transporting at pit. 

(3) Preparation for market, mechanical devices used for 

handling and storing material. , 
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6. Utilization. 

(1) Shipment: (a) Shipping point; (i) haulage to Bhippisg 

point; (c) modeof ti&afiportation. 

(2) Uses: (a) Principal markete; (b) examples of roads con- 

Btructod of this, material; (c) namee and addreeaeB of 
those in cha^e of construction and maintenance of these 
roads; (d) quality of such roads. 

7. Costs and prices: (a) Average cost per cubic yard for excavating; 
' (b) cost <d crushing, screening, etc. ; (c) price of material f . o. b. 

neareat shipping point; (d) wages of unakilled laboreiB. 

8. StatisticB: Quantity and value of (<t) average yearly production; 

(b) production for last c^endar year; (c) total production to 
date. 

9. Soil, chaiacter of, in neighborhood. 

10. Other materials available in district for road construction. 
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SCHKOOIE 10. — CemBnt mateiUliuidliine. 

1. Location: (a) Map reference or deecription; (b) name of quany, 

pit, property, or claim; (c) names and address of owner and 
superintendent. 

2. S&tterial. 

(1) ClasB: (o) Natural cement rock; (6) limestone; (c) chalk; 

(rf) marl; («) shale; (/) clay. ^ 

(2) Lithology: (a) Mineralc^cal composition; (b) chemical 

composition and specific gravity (obtain analyses if poe- 
eible); (e) uniformity; (rf) physical character, color, frac- 
ture, hardness, etc.; (e) visible impurities, chert nodules. 
Band giains and pebbles; (/) beds or portions of deposit 
rej ected — cause . 

3. Geologic relations. 

(1) Stratigraphy: (a) Formation name; (6) age; (c) position 

within the formation. 

(2) Structure: Bedding, dip, strike, faulting, jointing, folding, 

(3) Or^iin (clay): Residual, alluvial, glacial, sedimentary, etc 

4. Conditions aftectii^ development. 

(1) Outcrops: (a) Form and extent; (t) relation to topography 

and drain^e. 

(2) Overburden: (a) Character; (6) thicknees—maKimimi, mini- 

mum, and average. d 

(3) Quantity available: Vertical and areal dimensions. ' ; 

(4) Accessibility, transportation, timber, water, etc. 

(6) Fuelaupply: Kind and cost. '"] ' "'* 

6. Development. ' 

(1) Quarry, pit, or mine: {a) Type; (6) date opened; (c) form 

and dimensions. 

(2) Methods of quarrying or excavating: (o) Stripping; (6) 

drilling; (c) blading; (d) dredge or power shovel; («) 
draining; (/) timbering. 

(3) Methods of handling: (o> Wheelbarrow; (6) tramway; (c) 

conveyor, elevator, etc. 
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5. Developmeat — Continued. 

(4) Fieptnation; (a) CruBhing; (6) drying; (c) grinding — type, 
fiseiieeB, etc.; ((i)iniiiing— local or foreign material, Bource 
of gypsum; (e) proportiona. 

(fi) Equipment for excsv&ting, handling and preparing mate- 
rial, and unit coeti. 

(6) Burning: (a) KiIdb— date of erection, type, aiie, capacity; 

(6) fuel — kind and method of use. 

(7) Cooling and seaaoning of clinker. 

(8) Grinding clinker. 
(6) HydratiBg Ume. 

6. Prodiict: (a) Natural cement; (6) Portland cement; (c) lime. 

(1) Brands and trade name. 

(2) Packing: BarrelB, bags, or balk. 

(3) Markets: (a) Location and competing mipply; (b) tianspoi- 

t«tion; (e) freight rates. 

7. StatisticH: Amount and value of (a) averse umual production; 

(b) production for last calendar year. 
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BCHEOtTLE 11.— CUF' 

1. Iiocation: (a) Map reference or deBcription; (6) name ol pit, 

mine, or property; (c) name and addrem of owner. 

2. C3iaiacter of exposure: (a) Natuc&l outcrop; (b) pit or mine; (e) 

extent, horizontally and vertically. 

3. Detailed sectiooe, noting for each, bed — 

(1) Physical charEM^r: (a) Thickness; (6) color — oxidiEed or 

unoxidized, surfEice stain, mottling, banding, etc.; (e) 
texture; (d) fracture; (e) hardness; (/) slacking; (g) 
plasticity. 

(2) Composition: (a) Essential constituenta— analysea of sepa- 

rate beds or entire face; (b) visible impuritieB, sand 
grains (material), concretions (character and composition), 
bowlders, vegetable matter, etc. 
1. Geologic relations. 

(1) Stratigraphy: (a) Formation name and age; {b) position in 

the formation; (c) relation to adjoining rocks. 

(2) Structure: Dip, strike, faulting, jointing, etc. 

(3) Or^in: (a) Residual mantle from removal of soluble por- 

tion of argillaceous rock; (b) residual deposit from decay 
of feldspathic dike or other rock mass; (c) sedimentary, 
evenly stratified by deposition in standing water; (d) 
alluvial, stream laid; {e) glacial, unmodified drift. 
6. Conditions affecting development. 

(1) Outcrops: (a) Form and extent; (b) relation to topography 

and drainage; (c) relation to bedding, structmre, etc. 

(2) Overburden: (a) Character; (b) thickness — ma-imum, 

minimum, and average. 

(3) Quantity available: Vertical and areol dimensions. 

(4) Accessibility, supplies of timber, water, fuel, etc. 

(5) Association with deposit of other mineral mined: Coal, 

iron ore, bauxite, mica, etc. 
6. Development. 

(1) Pit or mine: (a) Date opened; (6) type; (c) form and 
dimensions. 
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6. Development — Continued. 

(2) M'"'"g methods: (a) Stripping; (b) drilling; (c) bloating; 

(d) power Hhovel; {«) drainage; (0 timbering. 

(3) Handling: (a) Wheelbarrow; (6) tramway; {c) conveyor, 

(4) Preparation; (a) Grinding — tj^je of mnchine, finenees; (b) 

miTing — local or fOTeign material; (e) waahing; (d) pug- 
ging; (a) drying (air or furnace — typo); (/) drying ahriiLk- 
age; (g) storage. 

(5) Equipment for mining, handling, and preparing product. 

7. Utilization at or near point of production. 

(1) Products: (a) Structural material — brick, tile, etc.; (b) 

pottery, stoneware, drain tilee, etc. 

(2) Equipment and methods of molding. 

(3) Burning: (a) Kilna— type, capacity; (6) fuel; (c) distri- 

bution of heat and temperature; (ti) length of bum; (s) 
burning shrinkage. 

(4) (a) Grades — capacity and output of each for calendar year; 

(b) prices; (c) markets; (d) shipping fBcilitiee;Ks) 
freight ratee. 

8. Shippingrawproducta: (a) Uses; (i) markets; (c)Itransp(»tation 

facilitieB.^and freight rates; id) prices at mine. 
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SCEZDITLZ 12.— Suid tnd gnvtl. 

1. Location: (a) Hap reference or deectiption; (b) name of pit, 

tenk, or property; (e) name and addreeB of omer. 

2. Chattct«r (A deposit; make sketchea and aecticina. 

(1) Oompooition; (a) HinwalacamposLDgaaiidgiaina; (6)iock> 

compoeiiig pebblee; (c) proportion of vuioua mineral and 
rock types; (d) pebblee freeli or decayed. 

(2) Size: (a) Of sand graina; (6) of pebbles; (c) of bowlders; 

(d) proportion of each. 

(3) Shape (rounded, polidied, angular, subangidar): (a) Of 

Band grains; (b) of pebbles; (c) cd bowldeis. 

(4) Induratioti: (a) By prestuie; (l>) by cementation — nature 

of cement; (e) by clay binder. 

(5) Structure of deposit: (a) Stratified; (6) nuamve; (c) croee- 

bedded; (d) pebbles imbricated. 

(6) Bejected material: (a) Stratified clay beda; (b) clsyletises; 

(c) clay lumps, balls, etc.; (cO pcat layers; (e) logs, stumps, 
roots, etc. 

3. Geologic retatioDs. 

(1) Origin: (a) Agency forming deposit (see Schedule 4); (6) 
source of material. 

(2} Age, stratigniphic and phj^iographic relations (see Sched- 
ule 1). 
- (3) Relations to aaeociated hard-rock formations. 

4. Conditions affecting development. 

(1) Outcrops: (a) Form and extent; (b) relation to topography 

and drainage; (c) accessibility. 

(2) Overburden; (a) Character; (t) maximum, minimum, aikd 

average thickness. 

(3) Water: (a) Distribution; (b) amount; (c) dnunage. 

(4) Amount available. 

5. Development. 

(1) Fit or bank: (a) Date of opening; (6) form and dimensions; 

(c) drainage. 

(2) Stripping. 
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Derelopment — Continued. 

(3) Excavating: (a) By hand; (6) mechanical excavators- 

number, kind, capacity. 

(4) Handling: (a) Wheelbarrow; (b) tram; (c) conveyor — kind, 

■capacity. 
(6) Preparation for market: (a) Screening, cruwhing, washing, 

drying; (6) methods and equipment; (c) storage. 
(6) Coat per unit, when obtainable. 

6. Usee, actual or poseible. 

(1) Structural: Mortar, plaster, concrete, roofing, walls (bowl- 

(2) Glass (get analyses). 

(3) Abrasive: Stone sawing, polishing, etc. 

(4) Traction: Locomotive, trolley, etc. 

7. Markets: (a) Location; (b) transportation facilities; (c) freight 

rates. 

8. Statistics: Amount and value of various grades (a) produced in 

last calendar year; (b) produced to date. 
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SCHEDITLE 18.— Coal. 

1. Location: (a) Map reference; (t) name of mine of prospect; 

(c) name and address of owner or operator and mine euperin- 
tendent. 

2. Geologic relations. 

(1) Exposure; (a) Kind— outcrop, prospect, mine; (6) relation 

to topography, 

(2) Formation: (a) Name; (i) age; (c) position of coal bed in 

the formation; (d) petrology (see Schedule 2). 

(3) Structure of the r^on (see Schedule 3). 

(4) Drill records; copy all available and get map locations. 

3. Coal bed; make numerous detailed measured sections, observing 

and noting— 

(1) Boof: (ajMaterial; (6) thickness; (c)characterandstrength; 

(d) draw slate: (e) any conditions affecting ease or safety 
of mining. 

(2) Coal; (a) Kind— anthracite, bituminous, subbitumiaous, 

lignite, cannel, eplint, etc.; {b) character and appear- 
ance— color, luster, texture, fracture, hardness, cleat 
(direction of faces and butts), effect of weathering, lia- 
bility to spontaneous combustion, etc.; (c) bedded 
impurities (partings and binders) — character, thickness, 
position, loose or adhesive, taken or rejected in mining; 
(d) other impurities (sulphur balls, calcite, etc.)— kind, 
abundance, distribution, easeof separation, etc.; (e) irreg- 
ularities and their efiect on mining — rolls, horsebacks, 
clay veins, faults, wants, dikes, etc. 

(3) Floor: (a) Material; (6) thickness; (c) character; (d) ten- 

dency to heave; (e) adaptability to mining; (J) contain- 
ing stems and roots. 

(4) Collect (a) coal sample (see directions, pp. 72-74); (6) fos- 

sils, especially in roof and on dump. 

4. Conditions affecting mining. 

(1) Topography, accessibility, transportation facilities, build- 

ing sites, dumps, etc. 

(2) Suppliea— timber, water, power, etc. 

(3) Climatic conditions, working season, etc. 
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5. Development (make sketches and photographs). 

(1) Surface equipment; (a) Buildings; (6) hoifrt; (e) trackage, 

tipple, bins, etc. 

(2) Mine equipment: (a) Shaft — eise, depth, companments, 

etc , (&) incline — alope, direction, length, depth, equip- 
ment, (f)tunnel — length. size, etc, 

(3) Workings (o) General plan (get mine map), room and pil- 

lar, long wall; ib) size of rooms, pillars, gateways, etc. 

6. Methods 

(1) Mining (oi Under cut, sheared, shot from solid, etc.; 

(6) hand or machine (type); fc) kind of power, kind of 

(2) Handhng coal in mine: (a) Type — mule, rope, motor; (6) 

power 
(3| Timbering Amount and kind required. 

(4) Drawing pillars. 

(5) Ventilation: (a) Type — natural, furnace, fan; (6) gas; 

(c) duBt; (d) liability to eiplosion. 
' (6) Drainage: (o) Type; (6) plant; (e) amount of water present. 

7. Preparation of coal for market. 

(1) Sizing: (o) Sizes produced; (&) percentages each; (c)kind 

(2) Cleanii^: (a) In mine; (6) picking; (e) washing. 

(3) Handling: (a) Mechanical loaders; (b) storage — kind and 

capacity. 

8. Utilization, actual and possible. 

(1) Uses: (a) Steam; (6) domestic; (c) gas; (d) coking— loca- 

tion, number, and type ot ovens. 

(2) Markets, transportation facilities, freight rates. 

(3) Waste: (a) Benches unmined; (b) pillars not drawn; (c) alack 

not used. 

9. Statistics. 

(1) Value: (a) Coal land; (b) royalties (system of leasing); 

(c) options. 

(2) Production: Quantity and value of (a) average yearly pro- 

duction; Ifi) production for last calendar year; (c) total 
production to date, 
4i014— 08 10 ^ , 
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BCBEDULE 14. — Ollandcu(welldKti). 

1. Location: (a) Map reference or accurate description; <6) name 

of claim, farm, or lease and dee^nation of well; (cj name and 
address of owner, superinteadent, contractor, driller; {d) date 
of visit. 

2. Geologic relations. 

(1) Formation at Buriacei (a) Name; (6) age; (e) lithologic 

character; (i) position in the formation. 

(2) Structure: Relation to determined folds, faults, joint sys- 

(3) Topography. 

3. Condition of well: (a) Productive; (b) exhausted; (c) dry hole; 

(d) drilling. 

4. Well log; if possible make complete copy, which should show — 

(1) Elevation of ground or top of casing. 

(2) Dates: (a) Began drilling; (6) finished drilling. 

(3) Depth and thickness of each distinct set of beds penetrated 

and distinguished by the driller (state method of meas- 
urement — cable or wire), 

(4) Lithologic character: (a) Color, hard or soft, coarse or fine, 

pebbly, foBsiliferouB, sticky, tough or brittle, cavii^, etc. ; 
(b) effect on bits; (cj examine samplee if possible; (d) 
determine meaning of terms used by driller. 
(6) Horizons yielding oil, gas, tar, water, dry rock: Depth and 
thickness; temperature at various horizons. 

(6) Product: Kind and quality. 

(7) Name of productive stratum, local and geolc^ic. 

5. Well record. 

(1) Yield or pressure; (a) When first tapped (open, closed, 

minute); (6) after shooting; (c) after equilibrium estab- 
lished; {d} at time of visit, 

(2) Variation in pressure related to variation in other wells in 

same pool (indicating open communication or otherwise) 
and distance to other wells compared. 

(3) Variation in gravity of oil and comparison with gravity in 

other wells in same pool. 
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6. Product. 

(1) Gae: Analyses and teats. 

(2) Oil: fa) Color; (6) odor; (c) gravity. 

(3) Oil and water; (a) Proportions; (6) fresh or aalt water. 

(4) Water: (a) Fresh or salt; (6) capacity; (c) head. 

(6) Other substances: Sand, gyjieum, sulphur, etc. 

7. Methods. 

(1) Drilling: (a) Kind of rig; {b) special difficulties; (c) unit 

(2) Casing: (a) Kind; (6) aizes; (c) lengths of various sizes; 

(d) cost. 

(3) Packing: (a) Kind; (6) purpose. 

(4) Shooting: (a) Date; (6) explosive— quantity; (c) efiect. 

(5) Pumping: (a) Kind of pump; (6) power; (c) cost per 

(6> Storage: (a) Tanks— kind; (6) reservoirs; fc) capacity. 

(7) Separating oil from water and sludge. 

8. Disposition of product. 

(1) Markets: Price (a) of oil; (6) of gae— to pipe line, to con- 

sumer, sold by meter or flat rate. 

(2) Uses: (a) Eefming — proportion of various products; (b) 

fuel; (c) manufacture of gas; (d) lubricatii^. 

(3) Transportation; (a) Pipeline— name of owner; (6) railroad; 

fc) water; (d) rates. 

9. Statistics of sii^le well or group of wells in same ownership and 

pool: Amount and value (a) of production for last calendar 
year; (b) of total production, to date. 

10. History of discovery and development of pool. 
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AUotmeutg, eipenditure of, charge ol^ sgi^st proper appropriations IT 

See aUo Appropriations. 
Altitudes, estimates J 28-» 

meaBurament of 31-33 

AnaJysas, chemical, nature ot, desired 80 

mquesta (or 80 

spedmenBlor 68,74,80 

See aiao Thtn sectiom; Waters. 
Aueroida, caro ol 19. 31 



Approprlatloua, a 

apeciflc object b of 13 

Assignmsnt, InstnictlonB lor 17-18 

Assistant geologists, workof, loport on 18 

BaromaterB. See AnoroidB. 

Base line, measurament ot ST 

Bauxite, observatloDS on, scbedule for 129-130 

Bedding, supply ol 23 

Bedding, rock, signifleance of 97-08,100 

Beds, rock, depth of, delenniiiBtiOQ ot, flgun lUiutratlDg 3S-W 

tlitclmBss of, detarminatlon of 33-3T 

del«muiiatlonot, figures IllDatMtIng 3t,U.37 

Boundaries, dallnealion of fl, tt 



Camen, compass diiectian of 

owDsrthip of 

Set nlM NegatlTei. 

Campbell, H. R., methods devised by ■X'J-k.' 

149 ' 



ISO INDEX, 

Candloi, nw of 63 

C&rbonaceoua deposit b, slgniflcancfiof.,,. 90 

Card leports. Sa Reports, TUOnttJy, 

doMiits, naturaot... BS-M,1(M 

Cement mstBrlals, obBervations on, schedule (or IJ8-13fl 

Chsmlcal ansJi'seB. See AnaJj-seB, chamlcal. 

Chamltftl sediments, obaerrations on, schedule lor 130 

algnlflcanee of .' W 

Circles, formulas for 43 

Circular tuaftions, diagram allowing II 

table o( 43 

mawrlalsof, sources of B6-e9 

schedule lor T ll(l-l!£l 

Clay, obserTatlona on, schedule for lO-Ul 

Coal outcropa, examination of Ill 

Coals, collection of TZ-74 

obaervatlong on, Bchedule for 144-146 

Collectii^, restrictions on «6 

Colloctlone, dispoBltton of SB, 78-80 

labeling of 67,71 

locality of, deHoite description of fl7-fi8 

packing of 77 

liapaeklne ol 78 

3eealio Rock apeclmeDs; Uinerals; Ores: Soad materials: Coal; FoMlia. 

Colored pencils, use ol 49, 6S 

Commercial cooside rations, obserrationa on, instniatiOBB lor 113,114 

observations on, schedule for 128,127-145 

Compassofi, care of Ifi 

Confldentiai information, guarding ot 15 

Conglomerate, Indefloite character ot term B5 

Conifers, Joasil,collectlon8 of 7S 

Consultation, advisability of 11 

Oontact-metamorphlc deposits, magnetlBm in (4 

CoutlneDtal glaciation, obaervaciaiiB on, InstructionB tor. lOS-lW 

otneryallone on, schedule for 134 

Continental sediments, observations on, InatmcUOBs for SS 

OoDtracts. execution of 33 

Cooperation, value ot la 

Correlation, conferences on 14 

Coats, determination of 19, 17 

Costs ol mining, etc., obeervatlons OQ, Inetmotions for 113,114 

observations on, schedule for 1%, 133, 134, 13S 

Critldsm. inhibition ot 13 



INDEX. 151 



■ CtosB Mctioiu, mia«, maUne ol . . . 
Cultnre, InloTroation concerning.. 



Decomposition, obaerviLtions on, inatnictlona for (I2-S3 



Oeptb al beds. See Beds, depth of. 

Depth) and dipe, relatlonaol, table of 44 

DiMtrophiam, evldance from 103-104 

DIkee, Bp«clmeaa (rom 09 

Dip, determlngtlon ol 38,40-41 

determination of, iniport«npe of 103-103 

DIpe and depths, relations af, table ol 44 

Discipline, enforcement of 2S 

Dlstanoee, eetlmateB of 28-29 

measuromentof 2^30 

Drift, 



Economic data, preaervatloD ol 



£ITuBlve rocks, observations on, Instmatlons for 93, Mt 

Knriohmtiit, eecondary, procesaee ol 113 

Eioolon, glacial. Sec Olwlal srotion. 

Batlmates, accuracy ol 46 

Eipeodltunw. ohame of, agalnet proper appropriation 17 



'acts and hypotheeei, distinction between, preservation of 47-4S 

auits, dBlermination ol 39-44,103 

dip of 39-41 

flguTB lUuatraling 40 

importance Of 103 

inteneotlon of, with vertical plane 41-fi 

flgun Ulustratlns 41 

obearvatlons on, Inatniotions tor 103 



Favoritism, suspicion ol, avoidance of. . . 

Feed, unit ration for 

Foet, fossU, importaaee ol 

Fema, fossil, oolloctlons ol 

Field assistants, work of 



C;oo;,lc 



163 IKDBX. 

Field DOtu, olauM and cleaarlptiau ot 4S^ 
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